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ABSTRACT 
The a c c o m p a n y i n g work of Ph .D . T h e s i s on M o n i t o r i n g U r b a n 
S p r a w l and its Si te Su i t ab i l i ty A n a l y s i s in A l i g a r h City has been 
a c c o m p l i s h e d us ing R e m o t e S e n s i n g and GIS t e c h n i q u e s . The Survey 
of India t o p o g r a p h i c a l map of A l i g a r h fo r 1971 a l o n g wi th the 
Sa t e l l i t e i m a g e s of th ree t ime se r ies of the A l i g a r h Ci ty r eg ion w e r e 
both v i sua l ly and d ig i ta l ly i n t e r p r e t e d to m o n i t o r t h e u rban sp rawl 
and l a n d u s e c h a n g e s f rom 1971-2000 . S P O T s a t e l l i t e da ta of PTA and 
M L A s e n s o r s and I R S - I C . P A N and I R S - I D L I S S III da ta w e r e 
e m p l o y e d in the s tudy . Spat ia l and n o n - s p a t i a l da ta w e r e i n t eg ra t ed 
t h r o u g h GIS t e c h n i q u e s . L a n d u s e c h a n g e d e t e c t i o n and the su i t ab l e 
s i te s e l ec t i on has been a s c e r t a i n e d f o r - t h e f u t u r e p l a n n e d g r o w t h of 
» 
A l i g a r h Ci ty . The g e o g r a p h i c a l p e r s o n a l i t y of the r e g i o n as wel l as 
the p o p u l a t i o n and u rban c h a r a c t e r of the a rea have been 
i n v e s t i g a t e d . 
Rap id u rban g rowth , now a p p e a r s the ma in c h a r a c t e r i s t i c of the 
d e v e l o p i n g c o u n t r i e s . Such an u r b a n i s a t i o n is a d i s t i n c t f e a t u r e of 
Ind ia unde r the impac t of g r o w i n g e c o n o m y as we l l as the m i g r a t i o n . 
Ind ian c i t i es are g r o w i n g in p o p u l a t i o n , a rea as we l l as the b u i l t u p 
dens i t y . The city sp rawl , h o w e v e r , is m o r e a l a r m i n g a l o n g the ru r a l -
u rban f r i nge . The St ructura l c h a n g e s in the hea r t of the ci ty and a long 
the f r i n g e a reas have led to the e m e r g e n c e of s e v e r a l e n v i r o n m e n t a l 
p r o b l e m s . In the old hear t of the c i ty , open s p a c e s , p a r k s and 
p l a y g r o u n d s are rap id ly d e t e r i o r a t i n g or d i s a p p e a r i n g . T h e e c o n o m i c 
g r o w t h and urban sprawl not only t r i g g e r l a n d u s e c h a n g e s in the 
f r i n g e a rea , they a lso e n g i n e e r s t ruc tu ra l c h a n g e s w i th in the c i ty . 
Urban s p r a w l t a k e s p l a c e t o w a r d s the p o t e n t i a l h o r t i c u l t u r a l a r ea s as 
wel l as the u n s u i t a b l e and poor ly d ra ined l o w - l y i n g a r ea s . U n d e r 
these c i r c u m s t a n c e s , su i t ab l e s i te i d e n t i f i c a t i o n is i m p e r a t i v e f o r a 
p l a n n e d and m a n a g e a b l e u rban g r o w t h . The u rban e c o l o g y p o i n t s out 
how the f a c i l i t i e s of t r a n s p o r t a t i o n , i ndus t ry and o the r p h y s i c a l 
f e a t u r e s s u s t a i n in the c i ty . 
Urban g r o w t h is one of the mos t p o w e r f u l f o r c e s , w h i c h are 
s h a p i n g the g e o g r a p h i c a l c o n d i t i o n s of the c o n t e m p o r a r y w o r l d . In 
1899. about 2 p e r c e n t of the p o p u l a t i o n l ived in u r b a n p l a c e s . It was 
a r o u n d 27 p e r c e n t in 1950. Now in 2001 , the u r b a n p o p u l a t i o n 
e n c o m p a s s e s ove r 51 p e r c e n t of the to ta l wor ld p o p u l a t i o n on nea r ly 
4 p e r c e n t of the to ta l h a b i t a b l e l and . The u r b a n p o p u l a t i o n and 
ex tend of the d e v e l o p i n g c o u n t r i e s is much l a rge r then that of the 
d e v e l o p e d w o r l d . The u rban g rowth in the d e v e l o p i n g c o u n t r i e s is 
s p u r i o u s and d i s o r g a n i s e d . The c o n s e q u e n t e n v i r o n m e n t a l and soc ia l 
p r o b l e m s w a r r a n t a d e q u a t e and u rgen t r e m e d i a l m e a s u r e s and 
e f f e c t i v e city p l a n n i n g . Each year some 70 mi l l i on m o r e p e o p l e are 
added to the w o r l d ' s t o w n s and c i t i es . 
India is e x p e r i e n c i n g rapid u r b a n i s a t i o n . The u rban p o p u l a t i o n 
has i nc rea sed abou t e ight t imes f rom 26 mi l l i on in 1901 to 240 
mi l l ion in 1991 to over 300 mi l l ion by the year 2 0 0 0 . T h e u rban 
p o p u l a t i o n in the city of A l i g a r h has g r o w n near ly ten fo ld in the last 
one h u n d r e d yea r s . The ci ty had a p o p u l a t i o n of 7 2 , 0 0 0 in the yea r 
1901 w h i c h has g r o w n to a shade over 7 lakh by the c e n s u s of 2 0 0 1 . 
T h e r e are over 36 c i t i e s in Ind ia wi th a p o p u l a t i o n of a b o v e one 
mi l l ion mark d u r i n g the same year of 2001 . The p e r c e n t a g e of u r b a n 
p o p u l a t i o n in Ind ia is e x p e c t e d to r each 50 p e r c e n t of the tota l 
p o p u l a t i o n by 202 1. 
The g r o w t h of s e t t l e m e n t s is r e f l e c t e d in t e r m s of i n c r e a s e in 
s i ze . The g r o w t h of s e t t l e m e n t is c a t e g o r i s e d in f i v e g r o u p s 
a c c o r d i n g to the g r o w t h ra te per d e c a d e in 1981 census . The 
s e t t l e m e n t s wi th g r o w t h ra te of less than 15 p e r c e n t pe r d e c a d e are 
t e r m e d as d e c l i n i n g , the s e t t l e m e n t s h a v i n g g r o w t h ra t e b e t w e e n 15 
p e r c e n t (o 25 p e r c e n t p e r d e c a d e as s ta t i c , the s e t t J e m e n t s h a v i n g 
g r o w t h ra te b e t w e e n 25 to 3 5 p e r c e n t per d e c a d e are n o r m a l , the 
s e t t l e m e n t s wi th g rowth ra te b e t w e e n 35 to 50 p e r c e n t p e r d e c a d e are 
d y n a m i c a l l y g r o w i n g and s e t t l e m e n t s wi th g r o w t h ra t e above 50 
p e r c e n t are t e rmed as e x t r a o r d i n a r y g r o w i n g s e t t l e m e n t s . 
U r b a n i s a t i o n is a m a j o r a n t h r o p o g e n i c f o r c e on e n v i r o n m e n t , 
wh ich b r ings g rea t t r a n s f o r m a t i o n of l a n d s c a p e , e n e r g y use, 
e n v i r o n m e n t a l qua l i ty and h u m a n p o p u l a t i o n . T h e p r o b l e m of 
d e f i n i n g the " U r b a n A r e a " has been a c o n t r o v e r s i a l one . In the 
c e n s u s of 1872, the so le c r i t e r ion for d e t e r m i n i n g a " T o w n " was that 
such a s e t t l e m e n t shou ld have at leas t 5 ,000 i n h a b i t a n t s . In the 
c e n s u s of 1881, a t own was a co l l ec t i on of d w e l l i n g s w i t h i n a l imi ted 
a rea , hav ing open marke t for the supp ly of g o o d s , e spec i a l l y of 
m a n u f a c t u r e d goods . This was the f i r s t f u n c t i o n a l d e f i n i t i o n of an 
urban cen t r e . The f o l l o w i n g c r i t e r i a w e r e a d o p t e d f o r t r e a t i n g a p l ace 
as urban in the 1991 c e n s u s : (a) all s t a tu to ry t o w n s , i .e . all p l a c e s 
wi th a m u n i c i p a l c o r p o r a t i o n , m u n i c i p a l b o a r d , c a n t o n m e n t boa rd or 
n o t i f i e d town area , etc. (b) all o the r p l a c e s w h i c h s a t i s f y the 
f o l l o w i n g c r i t e r i a , (i) a m i n i m u m p o p u l a t i o n of 5 ,000 ( i i ) 75 p e r c e n t 
of the male w o r k i n g p o p u l a t i o n e n g a g e d in n o n - a g r i c u l t u r a l (and 
a l l i ed ) a c t i v i t y , and ( i i i ) a dens i ty of p o p u l a t i o n of at leas t 400 
p e r s o n s pe r km^. H o w e v e r , a town wi th a p o p u l a t i o n of 100 ,000 and 
a b o v e w a s t r ea t ed as a ci ty. 
The ci ty is not mere ly an a g g r e g a t e of e c o n o m i c f u n c t i o n s . It 
has been c o n s i d e r e d as a seat of i n s t i t u t i o n s in the s e rv i ce of the 
p e o p l e of the c o u n t r y s i d e . One of the g r e a t e s t p r o b l e m s of the 
m o d e r n city is the e s t a b l i s h m e n t of new f o r m s of o r g a n i s a t i o n to 
cope wi th the p r o b l e m s of l iv ing in vas t n u m b e r s ove r e x t e n s i v e 
u r b a n i s e d a rea . Mos t of the urban s tud i e s deal w i th the a n a t o m i c a l 
s t r u c t u r e or the m o r p h o l o g y of town and c i t i e s . T h e f o r m s and 
f u n c t i o n s are the two broad a spec t s of u rban m o r p h o l o g y . D i f f e r e n t 
par t s of a p l a n n e d city are a s s i g n e d to d i f f e r e n t a c t i v i t i e s . The 
d i f f e r e n t f u n c t i o n a l a rea wi th its s e p a r a b l e c h a r a c t e r i n t e g r a t e s to 
f o r m an u rban c o m p l e x . A city or t own is t h e r e f o r e , an i n t e g r a t e d 
w h o l e of c o m m e r c i a l , r e s i d e n t i a l , a d m i n i s t r a t i v e and v a r i o u s o ther 
l u n c t i o n a l c h a r a c t e r . 
The u rban s t a tus of a city d e p e n d s on the c h a r a c t e r and var ie ty 
of the f u n c t i o n wi th wh ich it is e n d o w e d . The C B D is the e c o n o m i c 
hear t of nea r ly every ci ty. In the C B D ' s of m e d i u m s e t t l e m e n t s such 
as A l i g a r h . s e c o n d f l oo r s are o f t e n pu t to r e s i d e n t i a l u se . In the case 
of a s m a l l e r t own the sprawl is l imi ted t o w a r d s the ru ra l p e r i p h e r y of 
the t o w n . But in the case of c i t ies , such as A l i g a r h , the sp rawl t akes 
on the s c a l e of h a p h a z a r d phys ica l e x p l o s i o n . T h o u s a n d s of h e c t a r e s 
of g o o d qua l i ty land have been taken over fo r v a r i o u s u r b a n p u r p o s e s 
in d i f f e r e n t pa r t s of Ind ia , p a r t i c u l a r l y in the u p p e r G a n g a - Y a m u n a 
D o a b , one of the r i ches t g r ana r i e s of Ind ia . 
G o o d q u a l i t y ag r i cu l t u r a l l ands shou ld no t be a c q u i r e d fo r n o n -
a g r i c u l t u r a l p u r p o s e s w i t h o u t a c c o u n t i n g for the soc i a l cos t i n v o l v e d . 
Gro\Mh of the r e s iden t i a l s u b u r b s in the I n d i a n c i t i e s is r a the r 
d i f l c r e n t f r o m tha t of the Wes t e rn c i t i e s . In the w e s t e r n s i t u a t i o n , 
t he re has been a dec l i ne of p o p u l a t i o n at the c i t y - c e n t r e ; and an out 
m i g r a t i o n of p o p u l a t i o n is r e s p o n s i b l e fo r g r o w t h of s u b u r b s . In the 
Ind ian ca se , the u rban f r i n g e is an o u t c o m e of l e s se r o u t w a r d 
m i g r a t i o n of r e s i d e n t s f r o m the c i t y - cen t r e bu t an i n c r e a s e d i n w a r d 
m i g r a t i o n of r e s i d e n t s f rom the nea rby v i l l a g e s or t o w n s . The f r i n g e 
area on the w h o l e s u f f e r s f rom lack of a m e n i t i e s , p o o r n e t w o r k of 
roads and t r a n s p o r t a t i o n sys tem, i n a d e q u a t e e d u c a t i o n a l and o the r 
i n s t i t u t i o n s and the s h o r t c o m i n g s in the e l e c t r i c i t y , w a t e r and 
s e w e r a g e s y s t e m . 
I m p o r t a n t c h a n g e s are t ak ing p l a c e in the ru ra l e c o n o m y in 
A l i g a r h D i s t r i c t unde r the urban i n f l u e n c e e m a n a t i n g f r o m A l i g a r h 
Ci ty . The spa t i a l pa t t e rn of u rban i n f l u e n c e in the c o u n t r y s i d e 
c o n f i r m s the fac t that the d i s t ance f r o m the c i ty is a m a j o r 
d e t e r m i n a n t of the level of u rban i n f l u e n c e and the g r o w t h p a t t e r n s 
of A l i g a r h Ci ty . An a l a r m i n g Al iga rh e x p a n s i o n has been no ted a long 
the D e l h i - K a n p u r Grand Trunk Road . Ci ty e x p a n s i o n is a l so n o t a b l e 
a long A g r a R o a d , A n u p s h a h a r Road and the R a m g h a t Road . It is 
c ruc ia l to no te that the ag r i cu l tu ra l land is p r i m e land a long the 
h i g h w a y s , w h i c h is a po ten t i a l asse t fo r v e g e t a b l e f a r m i n g , d a i r y i n g 
and h o r t i c u l t u r e . A n o t h e r adve r se e f f e c t of the A l i g a r h city 
e x p a n s i o n a l o n g the h i g h w a y s is that the t i m e - d i s t a n c e by road 
t r a n s p o r t f r o m A l i g a r h to De lh i , Agra and E tah has c o n s i d e r a b l y 
i nc rea sed due to inc rease n u m b e r of u n s c h e d u l e d bus s t o p p a g e s a l o n g 
the f r i n g e s e t t l e m e n t s . 
The v i sua l i n t e r p r e t a t i o n of s a t e l l i t e da ta p r o d u c t s c o u p l e d wi th 
f i e ld c h e c k i n g has been f o u n d a very u s e f u l t e c h n i q u e of d e m a r c a t i n g 
the p h y s i c a l g r o w t h of A l iga rh ci ty . Sa t e l l i t e r e m o t e s e n s i n g is the 
mos t a p p r o p r i a t e t e c h n i q u e to ass is t the u rban spa t i a l e x p a n s i o n both 
i n s ide the city as wel l as the urban f r i n g e of A l i g a r h . 
In the year 1998, A l iga rh d i s t r i c t w a s a d m i n i s t r a t i v e l y 
b i f u r c a t e d and c o m p r i s e d an area of 3691 sq. km. , w i th a p o p u l a t i o n 
of 2. 4 4 9 . 597 p e r s o n s . N o w the d i s t r i c t c o n s i s t s of 12 b l o c k s . The 
p r i n c i p a l t own in the d is t r ic t for many c e n t u r i e s , has b e e n A l i g a r h . 
D e v e l o p m e n t of i n f r a s t r u c t u r e f a c i l i t i e s had a p r o f o u n d 
i n f l u e n c e on the r u r a l - u r b a n f o r w a r d and b a c k w a r d l i nkages of 
A l i g a r h . A l i g a r h city has w i t n e s s e d a c o r r e s p o n d i n g g r o w t h and 
p r o s p e r i t y in the indus t ry , c o m m e r c e and t r ade . T h e s tudy r e v e a l s 
tha t g e n e r a l l y c o n c e n t r i c but o c c a s i o n a l l y s ec to r a l g r o w t h has t aken 
p l a c e in the c i ty . A l iga rh D e v e l o p m e n t A u t h o r i t y has d e v e l o p e d a 
few a reas and sti l l many co lon i e s are d e v e l o p i n g a r o u n d c i ty . The re 
has been a r ap id g rowth of popu l a t i on du r ing 1 9 0 1 - 2 0 0 1 . The h ighes t 
g r o w t h ra t e has been e x p e r i e n c e d in 1 9 9 1 - 2 0 0 1 . A n o t h e r s i g n i f i c a n t 
f ac t r e v e a l e d is that the role of u r b a n i s a t i o n in the c i ty a c c e l e r a t e d 
f r o m 1971. 
The m a j o r p r o b l e m s a s s o c i a t e d with the c o m m e r c i a l s t r u c t u r e 
are found in the main b u s i n e s s a r e a - C B D of the c i ty . C e n t r i p e t a l 
f o r c e s have led to high conges t i on of shops a l o n g n a r r o w r o a d s , l anes 
and by l anes . I ndus t r i a l area is be ing d e v e l o p e d in the n o r t h - w e s t e r n 
par t of the c i ty , most of the co t t age and h a n d i c r a f t i n d u s t r i e s are 
l oca ted in its i nne r and m i d d l e pa r t . The f a c t o r i e s s i t u a t e d in the 
cen t ra l pa r t f a c e the p r o b l e m of space and t r a f f i c i n c o n v e n i e n c e . 
They c r e a t e air p o l l u t i o n and u n h e a l t h y e n v i r o n m e n t . 
The d r a i n a g e p r o b l e m of the city is o f t e n a t t r i b u t e d to the 
t o p o g r a p h i c a l f e a t u r e s of the land i.e. to the l and d e p r e s s i o n in 
A l i g a r h . T h e r e are many c i t i es loca ted on the g e o l o g i c a l l y we l l -
d e f i n e d d e p r e s s i o n s , sti l l the d r a i n a g e p r o b l e m has been 
a d m i n i s t r a t i v e l y wel l t aken up the re . Due to r ap id and u n p l a n n e d 
p o p u l a t i o n and i n d u s t r i a l g r o w t h , the p r o b l e m of w a s t e m a n a g e m e n t 
has b e c o m e s e v e r e . R e s i d e n t i a l , d o m e s t i c was t e f o r m s bu lk of all the 
s o u r c e s of so l id w a s t e p r o d u c e d in the c i ty . 
I m a g e p r o c e s s i n g t e c h n i q u e s of d ig i ta l c l a s s i f i c a t i o n and f u s i o n 
a n a l y s i s have been ca r r i ed out on d ig i ta l i m a g e s of A l i g a r h ci ty and 
its e n v i r o n s . It w a s d i s c o v e r e d that the two c o n d i t i o n s h a v e a f f e c t e d 
the c l a s s i f i c a t i o n a c c u r a c y of h ighe r spa t ia l r e s o l u t i o n . Wi th h i g h e r 
spa t i a l r e s o l u t i o n data the p e r c e n t a g e of mixed c h a r a c t e r p i x e l s w e r e 
r e d u c e d . Th i s c o n s i d e r a b l y i m p r o v e d the c l a s s i f i c a t i o n a c c u r a c y . 
With an e n h a n c e d spa t ia l and spec t ra l r e s o l u t i o n the i n t e r - c l a s s 
c la r i ty as we l l as i n t r a - c l a s s va r i ab i l i t y i n c r e a s e d , In the s tudy of 
A l i g a r h Ci ty , pe r p ixe l spec t ra l c l a s s i f i c a t i o n and pos t and p re -
p r o c e s s i n g in c l a s s i f i c a t i o n have been ca r r i ed out to e v a l u a t e the 
u rban s t r u c t u r e and e n v i r o n m e n t of the c i ty . 
Us ing I S O D A T A f u n c t i o n a t h e m a t i c r a s t e r l ayer had been 
c r ea t ed w i th 20 c lu s t e r s and s i gna tu r e f i l e . M o s t of the l a n d u s e 
c l a s s e s c o m p r i s e d of 4 to 5 d u s t e r s . It had been o b s e r v e d tha t it is 
very d i f f i c u l t to c o r r e l a t e be tween l anduse c l a s se s and c l u s t e r s f r o m 
I S O D A T A . T h e d ig i ta l image us ing m a h a l a n o b i s d i s t a n c e d e c i s i o n 
ru le used the c o - v a r i a n c e mat r ix in the e q u a t i o n . It w a s no t ed tha t the 
s i g n a t u r e s e p a r a b i l i t y has been i m p r o v e d u s i n g th i s d e c i s i o n ru le . 
The s p e c t r a l s i g n a t u r e of bui l t up area have not b e e n m i x e d wi th the 
r a l low land . T h e r e f o r e , the spread and c o n t e n t of b u i l t u p area a p p e a r s 
r e l a t i v e l y m o r e accu ra t e and c o m p a c t . The s p e c t r a l s i g n a t u r e of the 
w a s t e land and bu i l t up a reas have been b e a u t i f u l l y d i s c r i m i n a t e d . 
In the p r e s e n t t hes i s , s epa rab i l i t y a n a l y s i s h a s b e e n used to 
d e t e r m i n e , w h i c h set of band is the most u s e f u l fo r t h e d i s c r i m i n a t i o n 
of l a n d u s e c l a s se s . It has also been tes ted and f o u n d in t h i s s tudy that 
p o s t - p r o c e s s i n g in the form of f u z z y c o n v o l u t i o n i m p r o v e s 
c l a s s i f i c a t i o n accu racy but not to a s i g n i f i c a n t e x t e n t . I n f a c t , it can 
be used in the l a n d u s e c lasses to i m p r o v e its v i sua l i n t e r p r e t a b i l i t y . 
All s e n s o r s p e c i f i c c o r r e c t i o n s and e n h a n c e m e n t s of the i m a g e da ta 
had been app l i ed b e f o r e image f u s i o n . A f t e r the f u s i o n p r o c e s s it was 
t r ied to p r o d u c e the best s ing le sensor g e o m e t r y and r a d i o m e t r y and 
then f u s e d the imges . The images were r e s a m p l e d u s i n g the N e a r e s t 
N e i g h b o u r h o o d A l g o r i t h m . A l o n g wi th PC a n a l y s i s m e t h o d and 
B r o v e y T r a n s f o r m a t i o n , In tens i ty . Hue and S a t u r a t i o n ( I H S ) m e t h o d s 
have a l so been app l ied with two op t ions to f u s e the i m a g e s , h a v i n g 
two d i f f e r e n t c h a r a c t e r i s t i c s . In in tens i ty m e t h o d s it is easy to 
d i s t i n g u i s h b e t w e e n the c rop land and the f a l l o w land . 
A l i g a r h has g rown at a f a s t e r ra te bo th in p o p u l a t i o n and the 
areal ex t en t , e spec i a l l y dur ing the last d e c a d e of 1 9 9 1 - 2 0 0 1 . D u r i n g 
1981-1991 the city g rowth was be low 50 p e r c e n t Th i s g r o w t h w a s 
f u r t h e r a c c e n t u a t e d to 56 pe r cen t du r ing 1991 to 2 0 0 1 . P o p u l a t i o n 
g rowth has led to s i g n i f i c a n t l anduse c h a n g e s in and a r o u n d the c i ty . 
B u i l t u p d e n s i t y i n c r e a s e d in the s m a l l e r - s i z e w a r d s in the hea r t of the 
c i ty . The u rban sp rawl was n o t i c e a b l e in the f r i n g e a r ea s of the 
n e w e r as we l l as b i g g e r - s i z e w a r d s . The u r b a n s p r a w l , its pa t t e rn and 
d i r e c t i o n and d i m e n s i o n of l anduse , land c o v e r c h a n g e s have been 
d e l e c t e d on the la tes t s a t e l l i t e images of 1998 and 2 0 0 0 . The si te 
su i t ab i l i t y a n a l y s i s fo r f u r t h e r e x p a n s i o n of the ci ty has b e e n made . 
The s tudy area i nc ludes A l i g a r h city and its s u r r o u n d i n g s , 
c o n s i s t i n g of 21 8 .430 sq. km. The area l ex t en t is n e a r l y 13.6 km f rom 
nor th to sou th and the ea s t -wes t ex ten t is abou t 16 k m . M o r e than 
ha l f of the a rea b e l o n g s to a g r i c u l t u r e in all the f o u r - t i m e se r ies 
m a p s . Next c o m e s the bu i l t up c lass i n c l u d i n g t h e r e s i d e n t i a l , 
c o m m e r c i a l , i n d u s t r i a l , e d u c a t i o n a l and r e c r e a t i o n a l a rea . It is 
i m p o r t a n t to no te tha t the bu i l t up area has a l m o s t d o u b l e d f r o m 28 .01 
sq. km in 1971 to 55 .497 sq. km in the year 2 0 0 0 . T h e ag r i cu l t u r a l 
area has d e c r e a s e d f r o m 1 57 .379 sq. km in 1971 to 1 2 7 . 1 4 4 sq. km. 
in the year 2 0 0 0 . The dec l ine rate in the a g r i c u l t u r a l l and va r i ed f r o m 
t ime to t ime in the th ree c h a n g e de t ec t i on se r i e s . It is a l a r m i n g to 
no te in the s tudy area that the fo re s t land has a l so s h o w n c o n t i n u o u s 
d e c r e a s e f r o m 2 2 . 5 9 1 sq .km in 1971 to 4 . 9 2 6 sq .km in the year 2000 . 
A total road l eng th of 244 kms. in an a rea of 2 1 8 . 4 3 6 sq. km 
d e m o n s t r a t e s a fa i r ly good ne twork of r u r a l - u r b a n l i n k a g e s . The 
m u n i c i p a l road n e t w o r k ins ide the city of A l i g a r h is in a d d i t i o n to it. 
T h e m u n i c i p a l road l eng th , i n c l u d i n g all so r t s of s t r e e t s and n a r r o w 
lanes , has been r e c o r d e d to an i n c r e d i b l e to ta l l eng th of 6 4 0 . 4 9 4 km 
in a bu i l t up area of 55 .497 sq. km. 
It can be noted that t he re was a r e g u l a r g r o w t h of the 
r e s iden t i a l a rea . St i l l , h o w e v e r , the p e r c e n t a g e c o v e r a g e of the 
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r e s i d e n t i a l a rea to the tota l u rban area had a c o n s t a n t d e c r e a s e . Th i s 
is b e c a u s e of the r i s ing m u l t i - s t o r i e d r e s i d e n t i a l s t r u c t u r e . The 
p e r c e n t a g e r e s i d e n t i a l area is d e c r e a s i n g in f a v o u r of o the r l a n d u s e 
c a t e g o r i e s such as c o m m e r c i a l a rea , i ndus t r i a l a rea and e d u c a t i o n a l 
a rea w h o s e p e r c e n t a g e o c c u p a n c e is r egu l a r ly g r o w i n g . T h i s s e e m s to 
be a p o s i t i v e s ign of the city g r o w t h . The p e r c e n t a g e sha r e of the 
r e s i d e n t i a l a rea r anged f r o m 78 .28 pe r cen t in 1971 to 7 3 . 6 7 p e r c e n t 
of the tota l b u i l t u p area in the year 2000 . 
C o m m e r c i a l a rea had the second l a rges t u r b a n c o v e r a g e all 
t h r o u g h the e n q u i r y . E:;ducational and i n s t i t u t i o n a l a rea a l so s h o w e d a 
c o n s t a n t i n c r e a s e in its a g g r e g a t e c o v e r a g e . I n d u s t r i a l a rea a l so 
r e c o r d e d an i n c r e a s e in its a g g r e g a t e c o v e r a g e d u r i n g all t he s t ages 
0 c h a n g e d e t e c t i o n in A l i g a r h . There was a c o n t i n u o u s d e c r e a s e in 
the ex ten t of v a c a n t land in A l iga rh . T h e r e is an u t t e r m u n i c i p a l 
n e g l e c t of the r e c r e a t i o n a l l ands . A n u m b e r of t h e m h a v e been 
a b a n d o n e d over the yea r s . 
In the f i r s t p h a s e of 1971 to 1989 the pe r a n n u m a v e r a g e u rban 
g rowth ra te w a s 0.3 sq. km. In the second p h a s e of 1989 to 1998 the 
per annum a v e r a g e u rban g rowth rate was 1.98 sq. k m . F i n a l l y in the 
th i rd phase of 1998 to 2000 the per annum a v e r a g e u r b a n g r o w t h ra te 
w a s 2 .13 sq. k m . It has been o b s e r v e d that mos t of the u r b a n sp rawl 
of A l i g a r h has t aken p l ace a long the h i g h w a y c o r r i d o r s . It is 
i n t e r e s t i n g to no te that de sp i t e the h igh p r i c e s of land a l o n g the 
m a j o r h i g h w a y the u rban sprawl is rap id a d j a c e n t to the h i g h w a y 
c o r r i d o r s . Bu lk of the city sp rawl has t aken p l a c e a l o n g the G r a n d 
Trunk Road . Th i s is the mos t f a m o u s h i g h w a y of Ind i a and one of the 
bus ies t t runk roads in the coun t ry . 
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An a l a r m i n g f e a t u r e of the c o n g e s t e d u r b a n e x p a n s i o n of 
A l i g a r h a long the h i g h w a y c o r r i d o r s in that it has caused severa l 
h u r d l e s and ha l t s to the t r a f f i c m o b i l i t y . An i m m i n e n t , so lu t ion to 
such p r o b l e m s of t r a f f i c b o t t l e n e c k s and u n a u t h o r i s e d ha l t s wou ld be 
the need to c o n s t r u c t by pass roads to f a c i l i t a t e the easy m o b i l i t y to 
n o n - p a s s e n g e r t r a f f i c . The c o n s t r u c t i o n of a c o u p l e of c o n n e c t i v e 
r ing roads w o u l d c o n s i d e r a b l y he lp c o n t a i n the c i ty e n c r o a c h m e n t 
a long the h i g h w a y s . The re is an e m e r g e n t need to i d e n t i f y new-
l o c a t i o n s for a su i t ab l e and p l a n n e d u rban e x p a n s i o n t o w a r d s the 
s u r r o u n d i n g e n v i r o n m e n t of the city to s e c u r e an e q u i l i b r a t e d b lend 
of land u t i l i z a t i o n . 
f h e s i te su i t ab i l i t y ana lys i s i n v o l v e s the i d e n t i f i c a t i o n and 
d e l i n e a t i o n of the p r io r i ty a reas for f u t u r e land u t i l i z a t i o n . The 
loca t ion and phys i ca l se t t ing of the a rea , h a v e been t aken into 
a c c o u n t f o r the u rban s i te su i t ab i l i t y a n a l y s i s . T h e s tudy area has 
been d e l i n e a t e d into six su i t ab i l i t y c l a s s e s fo r the u r b a n e x p a n s i o n . 
All the fou r maps name ly , h y d r o g e o m o r p h o l o g y , soi l , road 
a c c e s s i b i l i t y and l anduse map of 1998 w e r e d ig i t a l l y o v e r l a y e d in a 
GIS sys tem in o rde r to g e n e r a t e the u rban s i te s u i t a b i l i t y m a p . 
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INTRODUCTION 
U r b a n i s a t i o n is r ap id ly t ak ing p l a c e in I n d i a unde r the impac t 
of g r o w i n g e c o n o m y and m i g r a t i o n . The ci ty s i ze is g r o w i n g in 
p o p u l a t i o n and a rea . The mos t v u l n e r a b l e a r e a to th is h o r i z o n t a l 
u r b a n s p r a w l is the r u r a l - u r b a n f r i n g e of a c i ty . T h e u rban sp rawl 
in the ci ty f r i n g e area leads to the e m e r g e n c e of severa l 
e n v i r o n m e n t a l , soc ia l and l anduse p r o b l e m s . T h e e c o n o m i c g rowth 
and u rban sp rawl not only t r i g g e r l a n d u s e c h a n g e s in the f r i n g e 
a rea , they a lso e n g i n e e r s t ruc tu ra l c h a n g e s w i t h i n the c i ty . Urban 
s p r a w l t akes p l ace t o w a r d s the p o t e n t i a l h o r t i c u l t u r a l a r ea s as well 
as the u n s u i t a b l e and poor ly d r a i n e d l o w - l y i n g a r e a s . T h u s , a 
s u i t a b l e s i te i d e n t i f i c a t i o n is i m p e r a t i v e f o r a p l a n n e d and 
m a n a g e a b l e u rban g r o w t h . A g r i c u l t u r a l l ands a re f a c i n g s t i f f 
c o m p e t i t i o n f r o m u rban l a n d u s e b e c a u s e they y i e l d a c o m p a r a t i v e l y 
low e c o n o m i c d i v i d e n d . 
The c ruc ia l p r o b l e m s of h u m a n s u r v i v a l in the c i ty d e r i v e not 
so m u c h f r o m d r o u g h t s , f a m i n e or e a r t h q u a k e s b u t f r o m h u m a n 
p o l i c i e s and t e c h n o l o g i c a l i n n o v a t i o n s . It is t he u r b a n e c o l o g y , 
w h i c h p o i n t s out how the f a c i l i t i e s of t r a n s p o r t a t i o n , i ndus t ry and 
o t h e r p h y s i c a l f e a t u r e s s u r v i v e in the c i ty . W h e n the u rban 
e c o l o g i s t s s t ud i e s the s h i f t s of h u m a n p o p u l a t i o n w i t h i n or b e t w e e n 
c i t i e s or any d e s i g n a t e d p o i n t , t h e s e o b j e c t i v e s h a v e b e e n d e f i n e d 
by c u l t u r a l f o r c e s as d e s i r a b l e or u n d e s i r a b l e g o a l s . T h e u rban 
d w e l l e r s are no t p a s s i v e a g e n t s in t he i r p h y s i c a l s u r r o u n d i n g s but 
a re a c t i v e p a r t i c i p a n t s in m o u l d i n g the i r e n v i r o n m e n t t h r o u g h 
m a t e r i a l t e c h n o l o g y . The s tudy of t r a n s p o r t as a soc ia l n e e d . 
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c o m b i n e d wi th the s tudy of t r a n s p o r t as an agen t of g e o g r a p h i c 
c h a n g e he lp p l a n n e r s to p r ed i c t the l a n d u s e t r a n s i t i o n . 
Urban d e v e l o p m e n t is one of the mos t p o w e r f u l f o r ce s , wh ich 
are s h a p i n g the g e o g r a p h y of the c o n t e m p o r a r y w o r l d . In 1899, 
a b o u t 2 p e r c e n t of the p o p u l a t i o n l ived in u r b a n p l a c e s . It was 
a r o u n d 27 pe r cen t in 1950. T o d a y , t h e r e is s i g n i f i c a n t u rban 
d e v e l o p m e n t ac ross the wor ld and the level of u r b a n i s a t i o n is 
e s t i m a t e d to be s l igh t ly a b o v e 50 p e r c e n t . T h e to ta l n u m b e r of 
p e o p l e w h o l ive in town and c i t i e s is i n c r e a s i n g r a p i d l y at the 
g loba l s ca l e s . Each year s o m e 70 mi l l i on m o r e p e o p l e are added to 
the w o r l d ' s t o w n s and c i t i e s . The mos t i m p o r t a n t c h a r a c t e r i s t i c of 
c o n t e m p o r a r y u rban c h a n g e is the l a rge sca l e u r b a n p o p u l a t i o n 
g r o w t h . U r b a n g r o w t h c o r r e l a t e s s t r o n g l y w i th o v e r a l l p o p u l a t i o n 
g r o w t h and so it is not s u r p r i s i n g to f i n d tha t t he g r e a t e s t ga ins are 
o c c u r r i n g in h igh ly p o p u l a t e d c o u n t r i e s . The p e r c e n t a g e of u rban 
p o p u l a t i o n is i n c r e a s i n g m o r e r a p i d l y in A f r i c a . T h e same t rend 
has been o b s e r v e d f r o m the f i g u r e s of east and sou th As ia . The 
p e r c e n t a g e of i n c r e a s e is a l so h igh for La t i n A m e r i c a . The less 
d e v e l o p e d a reas are e x p e r i e n c i n g l a rge sca l e u r b a n p o p u l a t i o n 
g r o w t h as c o m p a r e d to the d e v e l o p e d a reas w h e r e the grov/ th is 
m o d e r a t e . 
I n d i a is e x p e r i e n c i n g r a p i d u r b a n i s a t i o n . T h e u r b a n 
p o p u l a t i o n has i n c r e a s e d a b o u t e igh t t i m e s f r o m 26 m i l l i o n in 1901 
to 240 m i l l i o n in 1991 to ove r 300 m i l l i o n by the yea r 2000 . The 
u r b a n p o p u l a t i o n in Ind ia wi l l be abou t 32 p e r c e n t by the yea r 
2 0 0 0 . T h e r e wi l l be ove r 36 c i t i e s in I n d i a w i t h a p o p u l a t i o n of 
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a b o v e one mi l l i on mark d u r i n g the same yea r . T h e p e r c e n t a g e of 
u rban p o p u l a t i o n in the na t ion is i n c r e a s i n g day by day and it is 
e x p e c t e d to reach 50 p e r c e n t by 2021 . The u r b a n i s a t i o n t r ends have 
been r e f l e c t e d all over the coun t ry , wh ich in tu rn have led to the 
t r a n s f o r m a t i o n of a g r i c u l t u r a l land into b u i l t u p f o r m . T h e g r o w t h 
of s e t t l e m e n t s is r e f l e c t e d in t e rms of i n c r e a s e in s i ze or a rea . The 
g r o w t h of s e t t l e m e n t is c a t e g o r i s e d in f i ve g r o u p s a c c o r d i n g to the 
g r o w t h ra te per d e c a d e in 1981 c e n s u s . T h e s e t t l e m e n t s wi th 
g r o w t h ra t e of less than 15 p e r c e n t per d e c a d e are t e r m e d as 
d e c l i n i n g , the s e t t l e m e n t s h a v i n g g r o w t h ra t e b e t w e e n 15 p e r c e n t 
to 25 p e r c e n t per d e c a d e as s ta t i c , the s e t t l e m e n t s h a v i n g g r o w t h 
ra te b e t w e e n 25 to 35 p e r c e n t per d e c a d e are n o r m a l , the 
s e t t l e m e n t s wi th g r o w t h ra t e b e t w e e n 35 to 50 p e r c e n t per d e c a d e 
are d y n a m i c a l l y g r o w i n g and s e t t l e m e n t s w i th g r o w t h ra t e a b o v e 
50 p e r c e n t are t e r m e d as e x t r a o r d i n a r y g r o w i n g s e t t l e m e n t s . 
U r b a n i s a t i o n is a m a j o r a n t h r o p o g e n i c f o r c e on e n v i r o n m e n t , 
w h i c h b r i n g s g rea t t r a n s f o r m a t i o n of l a n d s c a p e , e n e r g y use , 
e n v i r o n m e n t a l qua l i t y and h u m a n p o p u l a t i o n . T h e m e g a c i t i es of 
I n d i a o f f e r the w o r s t f o r m s of v i s ib l e p o v e r t y and e n v i r o n m e n t a l 
p r o b l e m s wi th the i r s l u m s , squa t t e r s e t t l e m e n t s , w i th p o o r s an i t a ry 
l i v ing c o n d i t i o n s , c h r o n i c s h o r t a g e of s e r v i c e s , p o l l u t e d air and 
w a t e r , t r a f f i c c o n g e s t i o n and lack of o p e n s p a c e . T h e p r o b l e m of 
d e f i n i n g the " U r b a n A r e a " has been a c o n t r o v e r s i a l one , and 
c o n s e q u e n t l y a m a s s i v e l i t e r a t u r e has g r o w n u p o n th i s a s p e c t . 
In the c e n s u s of 1872, the so le c r i t e r i o n f o r d e t e r m i n i n g a 
" T o w n " w a s tha t such a s e t t l e m e n t s h o u l d h a v e at l eas t 5 ,000 
i n h a b i t a n t s . In the nex t c e n s u s of 1881, a t o w n is a c o l l e c t i o n of 
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n u m e r o u s d w e l l i n g s near each o ther w i th in a l imi t ed a rea , h a v i n g 
s h o p s , w h i c h p r o v i d e s a c o n t i n u a l open m a r k e t fo r the supp ly of 
g o o d s , e s p e c i a l l y of m a n u f a c t u r e d g o o d s . T h i s is the f i r s t 
f u n c t i o n a l d e f i n i t i o n of an u rban cen t r e . The r e s u l t w a s a m a s s i v e 
r e d u c t i o n in the n u m b e r of t o w n s : f r o m 479 in the p r e v i o u s c e n s u s 
of 1872 it c a m e down to only 277 in the 1881 c e n s u s . The 1901 
and 1911 a d o p t e d an even c l ea r e r d e f i n i t i o n of a t o w n . U s i n g a 
s o m e w h a t q u a l i t a t i v e r a the r than a q u a n t i t a t i v e a p p r o a c h had 
a l r e a d y c o m e in to the m i n d s of some c e n s u s a d m i n i s t r a t o r s . In the 
c e n s u s of 1941, a t o w n w a s d e f i n e d as a p l a c e of not less than 
5 ,000 i n h a b i t a n t s p o s s e s s i n g d e f i n i t e u r b a n c h a r a c t e r i s t i c s . Al l 
m u n i c i p a l i t i e s and c a n t o n m e n t s w e r e i n c l u d e d as t o w n s . P l a c e s 
wi th a p o p u l a t i o n of less than 5 ,000 w e r e a l so t r e a t e d as a c e n t r e 
of t r a d e and o the r a m e n i t i e s w e r e c o n s i d e r e d to be u rban 
c h a r a c t e r i s t i c s . In the c e n s u s of 1951, t h e f i r s t in i n d e p e n d e n t 
I n d i a a s o m e w h a t m o r e r ig id d e f i n i t i o n of a t o w n w a s i n c o r p o r a t e d . 
A t o w n w a s d e f i n e d as a n o r m a l l y i n h a b i t e d l o c a l i t y w i th a to ta l 
p o p u l a t i o n of not less t han 5 ,000 p e r s o n s . In 1961 c e n s u s s e v e r a l 
s i g n i f i c a n t m o d i f i c a t i o n s w e r e m a d e . An u r b a n p l a c e , to q u a l i f y as 
a t o w n it s h o u l d have , a dens i t y of not less than 1 ,000 p e r s o n s pe r 
sq. mi l e , t h r e e - f o u r t h of the w o r k i n g p o p u l a t i o n e n g a g e d in 
o c c u p a t i o n o the r than a g r i c u l t u r e . The f o l l o w i n g c r i t e r i a w e r e 
a d o p t e d f o r t r e a t i n g a p l a c e as u r b a n in the 1991 c e n s u s : (a) all 
s t a t u t o r y t o w n s , i .e. all p l a c e s wi th a m u n i c i p a l c o r p o r a t i o n , 
m u n i c i p a l b o a r d , c a n t o n m e n t boa rd or n o t i f i e d t o w n a r ea , e tc . (b) 
all o the r p l a c e s w h i c h s a t i s f y the f o l l o w i n g c r i t e r i a , ( i) a m i n i m u m 
p o p u l a t i o n of 5 ,000 ( i i ) 75 p e r c e n t of the m a l e w o r k i n g p o p u l a t i o n 
e n g a g e d in n o n - a g r i c u l t u r a l ( and a l l i ed ) a c t i v i t y , and ( i i i ) a d e n s i t y 
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of p o p u l a t i o n of at leas t 400 p e r s o n s per km". A town with a 
p o p u l a t i o n of 100 ,000 and a b o v e was t r e a t e d as a c i ty . 
T h e ci ty is not mere ly an a g g r e g a t e of e c o n o m i c f u n c t i o n s . It 
has been c o n s i d e r e d as a sea t of i n s t i t u t i o n s in the s e r v i c e of the 
p e o p l e of the c o u n t r y s i d e . In the w o r d s of L e w i s M u m f o r d , "I t is 
ar t , c u l t u r e and po l i t i c a l p u r p o s e , not n u m b e r s tha t d e f i n e a c i ty" . 
The c o n c e p t of city has been v a r i o u s l y d e f i n e d and d e s c r i b e d . 
G e o g r a p h e r s h a v e v i e w e d the ci ty as a h u m a n i s e d l a n d s c a p e m a d e 
of s t r e e t s , b u i l d i n g s , w a t e r m a i n s and o the r m a t e r i a l t h i n g s . W h i l e 
the e c o n o m i c g e o g r a p h e r is c o n c e r n e d wi th the c i ty t r a d e a reas and 
the m a r k e t , the phys i ca l g e o g r a p h e r a n a l y s e s the p h y s i c a l c o n t r o l s 
and the u r b a n s i te . The e c o l o g i c a l g e o g r a p h e r c o n c e n t r a t e d upon 
the type of p h y s i c a l and i n s t i t u t i o n a l p r o c e s s e s as wel l as the 
c h a r a c t e r of i n t e r d e p e n d e n c e of the c i ty wi th o the r a r e a s . T h e r e are 
t h r e e a s p e c t s to the n a t u r e of a c i ty . It has d i s t i n c t i v e f u n c t i o n , it 
has d i s t i n c t i v e phys i ca l s t r u c t u r e and it has d i s t i n c t i v e m o d e s of 
a rea l a r r a n g e m e n t s and o r g a n i s a t i o n s . 
O n e of the g r ea t e s t p r o b l e m s of the m o d e r n ci ty is t he 
e s t a b l i s h m e n t of new f o r m s of o r g a n i s a t i o n to cope wi th the 
p r o b l e m s of l i v ing in vas t n u m b e r s over e x t e n s i v e u r b a n i s e d a rea . 
M o s t of the u rban s tud i e s dea l wi th the a n a t o m i c a l s t r u c t u r e on the 
m o r p h o l o g y of t o w n and c i t i e s . T h e f o r m s and f u n c t i o n s are the 
t w o b r o a d a s p e c t s of u r b a n m o r p h o l o g y i n t i m a t e l y r e l a t e d to each 
o t h e r . A t r e a t m e n t of u r b a n f o r m e n v i s a g e s the s tudy ' of the u r b a n 
g r o u n d p l a n and layout of its r o a d s and s t r e e t s . T h e p lan of an 
u r b a n c e n t r e is u sua l l y no t c h a n g e d but s l i gh t l y u n d e r the i n f l u e n c e 
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of the t o p o g r a p h i c and h i s to r i ca l c o n d i t i o n s . D i f f e r e n t pa r t s of a 
p l a n n e d ci ty are a s s i g n e d to d i f f e r e n t a c t i v i t i e s . The d i f f e r e n t 
f u n c t i o n a l a rea wi th its s e p a r a b l e c h a r a c t e r i n t e g r a t e s to fo rm an 
u r b a n c o m p l e x . A city or town is t h e r e f o r e , an i n t e g r a t e d w h o l e of 
c o m m e r c i a l , r e s i d e n t i a l , a d m i n i s t r a t i v e and v a r i o u s o t h e r f u n c t i o n a l 
a r e a s . T h e f u n c t i o n s of a city are of va r i ed t y p e s . T h e ci ty shou ld 
be a d w e l l i n g p l a c e , a w o r k i n g p l a c e , a f o c u s of c o m m u n i c a t i o n , a 
c e n t r e of ar t and s c i e n c e , a seat of g o v e r n m e n t , a m e a n s of soc ia l 
i n t e r c o u r s e and a t e m p l e of r e l i g i o n . T h e s e f u n c t i o n s are a s s i g n e d 
to d i f f e r e n t pa r t s of c i ty . Its s tudy is of p a r a m o u n t i m p o r t a n c e in 
any g e o g r a p h i c a l a n a l y s e s of u rban m o r p h o l o g y . 
T h e u r b a n s t a tus of a town d e p e n d s on the c h a r a c t e r and 
v a r i e t y of the f u n c t i o n wi th w h i c h it is e n d o w e d . In the c o u r s e of 
u r b a n d e v e l o p m e n t ce r t a in par t of the f u n c t i o n a l a rea b e c o m e s 
s e g r e g a t e d w h i l e o the r s a re b r o u g h t in c l o s e c o n t a c t . Such a 
d i f f e r e n t i a t i o n e v o l v e s a l m o s t s p o n t a n e o u s l y . As s o o n as a hamle t 
b e g i n s to g r o w seve ra l ru l e s beg in to set the h a b i t a t c o m p o n e n t . A 
p r o c e s s of s e p a r a t i o n b e t w e e n the c o m m e r c i a l and r e s i d e n t i a l a rea 
se ts in. T h e l a n d u s e i n t ens i t y in the co re a r e a is s t rong ly 
i n f l u e n c e d by the r en t a l va lue of the l and , w h i c h i n tu rn is 
i n f l u e n c e d by its a c c e s s i b i l i t y . 
T h e C B D is the e c o n o m i c hea r t of n e a r l y e v e r y c i ty . T h e r e 
m a y be e x c e p t i o n s but the vas t m a j o r i t y of s e r v i c e c e n t r e s h a v e 
g r o w n a r o u n d a r e t a i l - t r a d i n g d i s t r i c t . In the C B D ' s of sma l l and 
m e d i u m s e t t l e m e n t such as A l i g a r h , s e c o n d f l o o r s a re o f t e n pu t to 
r e s i d e n t i a l u se . In the ca se of sma l l and m e d i u m u r b a n s e t t l e m e n t s 
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such as A l i g a r h , the p a t t e r n of u rban sp rawl is s i m p l e . In the case 
of a s m a l l e r t own the s p r a w l is l imi ted to the rura l p e r i p h e r y of the 
t o w n . But in the case of c i t i e s , such as A l i g a r h , t he s p r a w l t akes on 
the s c a l e of h a p h a z a r d p h y s i c a l e x p l o s i o n . T h e e x p a n s i o n of u rban 
area is a g loba l p r o b l e m , it is p a r t i c u l a r l y g r a v e in the d e v e l o p i n g 
c o u n t r i e s w h e r e the ra te of u rban g r o w t h is m u c h h i g h e r than in the 
d e v e l o p i n g c o u n t r i e s . T h o u s a n d s of h e c t a r e s of g o o d qua l i t y land 
have b e e n t a k e n over fo r v a r i o u s u r b a n p u r p o s e s in d i f f e r e n t pa r t s 
of Ind i a , p a r t i c u l a r l y in the u p p e r G a n g a - Y a m u n a D o a b , one of the 
r i c h e s t g r a n a r i e s of Ind i a . 
G o o d qua l i t y a g r i c u l t u r a l l ands shou ld not be a c q u i r e d for 
n o n - a g r i c u l t u r a l p u r p o s e s w i t h o u t a c c o u n t i n g f o r the soc ia l cos t 
i n v o l v e d . As fa r as the U p p e r G a n g a - Y a m u n a D o a b is c o n c e r n e d , 
the p r o b l e m has b e c o m e r a t h e r a l a r m i n g for w h i c h the h i s t o r i c a l 
i n c i d e n c e of p a r t i t i o n i n g of the s u b - c o n t i n e n t in 1947 b r o u g h t in 
its w a k e m i l l i o n s of r e f u g e e s ; of the n e c e s s i t y the m i g r a n t s c h o o s e 
to s tay in t o w n s . M i g r a n t s w e r e not r ich p e o p l e and cou ld not 
a c c o m m o d a t e t h e m s e l v e s by e x p a n d i n g the ci ty v e r t i c a l l y . The 
a b s o r b i n g soc i e ty a l so t o o k the eas i e r m e a n s to e x p a n d the t o w n 
h o r i z o n t a l l y . G r o w t h of the r e s i d e n t i a l s u b u r b s in the I n d i a n c i t i e s 
is r a t h e r d i f f e r e n t f r o m tha t of the w e s t e r n c i t i e s . In the w e s t e r n 
s i t u a t i o n , t h e r e has been a d e c l i n e of p o p u l a t i o n at t he c i ty- c e n t r e ; 
and an out m i g r a t i o n of p o p u l a t i o n is r e s p o n s i b l e fo r g r o w t h of 
s u b u r b s . In the I n d i a n case , the u r b a n f r i n g e is an o u t c o m e of 
l e s se r o u t w a r d m i g r a t i o n of r e s i d e n t s f r o m the c i ty c e n t r e but an 
i n c r e a s e d i n w a r d m i g r a t i o n of r e s i d e n t s f r o m the n e a r b y v i l l a g e s or 
t o w n s . A n u m b e r of p r o b l e m s h a v e c r o p p e d up w i t h the g r o w t h of 
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the u rban p o p u l a t i o n in the f r i n g e a r ea s . The loss of a g r i c u l t u r a l 
land wi th an i n c r e a s e in n o n - a g r i c u l t u r a l l a n d u s e is due to the 
r i s i n g p r e s s u r e of p o p u l a t i o n . The land in the f r i n g e area is not 
used fo r any r e a s o n a b l e p u r p o s e , the p r i ce goes up e x o r b i t a n t l y in 
the p r o c e s s of land s p e c u l a t i o n . The p o p u l a t i o n g r o w s in the u rban 
f r i n g e w i t h o u t much d e v e l o p m e n t of the a rea . 
T h e f r i n g e a rea on the w h o l e s u f f e r s f r o m lack of a m e n i t i e s , 
p o o r n e t w o r k of roads and t r a n s p o r t a t i o n s y s t e m , i n a d e q u a t e 
e d u c a t i o n a l and o the r i n s t i t u t i o n s and the s h o r t c o m i n g s in the 
e l e c t r i c i t y w a t e r and s e w e r a g e s y s t e m . In the l igh t of all t hese 
p r o b l e m s a c o m p r e h e n s i v e p l a n n i n g is r e q u i r e d f o r m a n a g i n g the 
u n u s e d land p r o v i d i n g i n f r a s t r u c t u r e and i m p r o v i n g the l iv ing 
c o n d i t i o n s in o rde r to r e d u c e the spa t i a l and s o c i a l i n e q u a l i t y in 
the u r b a n f r i n g e . The u r b a n e x p a n s i o n has ac t ed as a b u l l d o z e r 
a p p e a r i n g to des t roy the ru ra l l a n d s c a p e . The a n a l y s i s of the t rend 
in u r b a n i s a t i o n and u rban g r o w t h fo r the s t a te as a w h o l e s u g g e s t s 
tha t the p a c e of u r b a n i s a t i o n has r e g u l a r l y a c c e l e r a t e d . 
I m p o r t a n t c h a n g e s are t a k i n g p l a c e in the r u r a l e c o n o m y in 
A l i g a r h D i s t r i c t u n d e r the u rban i n f l u e n c e e m a n a t i n g f r o m A l i g a r h 
C i ty . T h e spa t i a l p a t t e r n of u rban i n f l u e n c e in the c o u n t r y s i d e 
c o n f i r m s the fac t tha t d i s t a n c e s f r o m the c i ty is a m a j o r 
d e t e r m i n a t i o n of the l eve l of u r b a n i n f l u e n c e and the g r o w t h 
p a t t e r n s of A l i g a r h Ci ty . U s i n g r e m o t e s e n s i n g i m a g e s t h r o u g h the 
v i s u a l i n t e r p r e t a t i o n t e c h n i q u e s and the g r o u n d t r u t h m e t h o d s 
t r a c e s the city e x p a n s i o n a l o n g the t r u n k r o a d s . An a l a r m i n g 
A l i g a r h c i ty e x p a n s i o n has been n o t e d a l o n g t h e D e l h i - K a n p u r 
XXI 
G r a n d T r u n k Road , Ci ty e x p a n s i o n is a l so n o t a b l e a long Agra 
R o a d , A n u p s h a h a r Road and the R a m g h a t R o a d . It is c ruc ia l to 
n o t e tha t the a g r i c u l t u r a l land is p r i m e land a l o n g the h i g h w a y s , 
w h i c h is a p o t e n t i a l asse t fo r v e g e t a b l e f a r m i n g , d a i r y i n g and 
h o r t i c u l t u r e . A n o t h e r a d v e r s e e f f e c t of the A l i g a r h c i ty e x p a n s i o n 
a l o n g the h i g h w a y s is that the t i m e - d i s t a n c e by r o a d t r a n s p o r t f rom 
A l i g a r h to De lh i , A g r a and E tah has c o n s i d e r a b l y i n c r e a s e d due to 
i n c r e a s e n u m b e r of u n s c h e d u l e d bus s t o p p a g e s a l o n g the f r i n g e 
s e t t l e m e n t s . 
The v i sua l i n t e r p r e t a t i o n of s a t e l l i t e da ta p r o d u c t s coup led 
Vv'ith f i e ld c h e c k i n g has been f o u n d a very u s e f u l t e c h n i q u e of 
d e m a r c a t i n g the p h y s i c a l g r o w t h of A l i g a r h c i ty . S a t e l l i t e r e m o t e 
s e n s i n g is the m o s t a p p r o p r i a t e t e c h n i q u e to a s s i s t the u rban 
spa t i a l e x p a n s i o n bo th ins ide the ci ty as we l l as the u r b a n f r i n g e of 
the c i ty . 
A b r i e f c h a p t e r i s a t i o n s c e n a r i o of the thes i s is as f o l l o w s : 
C h a p t e r - I dea l s wi th the s t a t e m e n t of t h e p r o b l e m , a 
c o m p a r a t i v e s tudy of u r b a n i s a t i o n in r e l a t i o n to t h e w o r l d , As i a , 
I n d i a and the s t a te Ut ta r P r a d e s h . T h e e m e r g i n g p r o b l e m s of 
u r b a n i s a t i o n w h i c h mos t of the d e v e l o p i n g c o u n t r i e s are f a c i n g 
e s p e c i a l l y Ind i a . It a l so i nc lud es h o w t h e p r e s e n t d e f i n i t i o n of an 
u r b a n a r ea has been d e c i d e d u p o n t h r o u g h d i f f e r e n t c e n s u s e s . A 
b r i e f d e s c r i p t i o n a b o u t m o r p h o l o g i c a l f e a t u r e s and f u n c t i o n a l 
c h a r a c t e r of the ci ty and its l a n d u s e has a l so b e e n i n c l u d e d . 
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C h a p t e r - I I dea l s wi th l i t e r a tu re r e v i e w , w h i c h i n c l u d e s 
s u r v e y of the work done on the na tu re of the p r o b l e m such as the 
u r b a n p o p u l a t i o n g r o w t h , u rban bui l t up and the r e l a t e d p r o b l e m s 
of the m a n and the e n v i r o n m e n t by c o n v e n t i o n a l m e a n s , su rvey of 
the w o r k d o n e on A l i g a r h c i ty and su rvey of the w o r k d o n e on the 
n a t u r e of the p r o b l e m t h r o u g h r e m o t e s e n s i n g and G I S t e c h n i q u e s 
and t h e i r e f f i c a c y in us ing t h e s e t e c h n i q u e s for the s t u d y a rea . 
C h a p t e r - I l l dea l s wi th the o b j e c t i v e ca r r i ed ou t f o r the thes i s 
w o r k . D a t a b a s e used for the s tudy a rea and the s a t e l l i t e da ta 
s p e c i f i c a t i o n s , the i r a p p l i c a t i o n and c h a r a c t e r i s t i c s , the r e s e a r c h 
m e t h o d o l o g y a d o p t e d . It a l so i n c l u d e s a b r i e f d e s c r i p t i o n of the 
s o f t w a r e s used to car ry out the r e s e a r c h w o r k , f r o m d i g i t a i s a t i o n to 
the p r e p a r a t i o n of f i na l m a p s . 
C h a p t e r - I V a ims to d e s c r i b e the n a t u r e of t h e s tudy a rea , i ts 
p h y s i c a l p e r s o n a l i t y , the e v o l u t i o n of the c i ty the s t a tus of 
u r b a n i s a t i o n in the d i s t r i c t , the c h a n g i n g p a t t e r n of the l a n d u s e / 
l and c o v e r a long the f r i n g e a rea of the c i ty , t he d e m o g r a p h i c 
s t r u c t u r e of the d i s t r i c t , c i ty as we l l as the m u n i c i p a l w a r d s , 
m o r p h o l o g i c a l p r o b l e m s f a c e d by the ci ty and its u r b a n p o t e n t i a l s . 
C h a p t e r - V g ives a b r i e f i n t r o d u c t i o n of r e m o t e s e n s i n g and 
G I S t e c h n i q u e s , an a n a l y s i s of the i m a g e p r o c e s s i n g t e c h n i q u e s 
u sed f o r the s tudy a rea and a de ta i l d i s c u s s i o n a b o u t t h e m e t h o d s 
of d a t a b a s e c r e a t i o n in GIS and h o w the m a p s h a v e b e e n c r ea t ed 
for the r e s e a r c h w o r k , i n c l u d i n g the f o u r t i m e s e r i e s m a p s of 
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l a n d u s e / land cove r , u rban sp rawl m a p , road a c c e s s i b i l i t y , so i l , 
h y d r o g e o m o r p h o l o g i c a l map and si te s u i t a b i l i t y a n a l y s i s m a p . 
In C h a p t e r - V I , the e f f e c t i v e n e s s of d i f f e r e n t r e m o t e s e n s i n g 
d e v i c e s and s o f t w a r e p r o g r a m m e s have been e v a l u a t e d to f i nd out 
the bes t d e c i s i o n ru le to d i s c r i m i n a t e and d e m a r c a t e d i f f e r e n t 
l a n d u s e c a t e g o r i e s f r o m a m u l t i s p e c t r a l i m a g e . T h e c h a p t e r a l so 
c o n t a i n s a de ta i l d i s c u s s i o n of the t ypes of d i g i t a l l and use 
c l a s s i f i c a t i o n and the r e su l t s o b t a i n e d . It a l so d e a l s w i t h t h e i m a g e 
f u s i o n t e c h n i q u e and the c a l c u l a t i o n of the m e r g i n g a c c u r a c y of the 
f u s e d i m a g e s . 
C h a p t e r - V I I is a de ta i l a n a l y s i s of the f o u r t ime se r i e s 
l a n d u s e / land c o v e r m a p s of the A l i g a r h c i ty p r e p a r e d f r o m the 
s a t e l l i t e i m a g e s and SOI t o p o g r a p h i c a l m a p . It a l s o d i s c u s s e s in 
d e t a i l t he t r end , p a t t e r n s and d i r e c t i o n of u r b a n s p r a w l and the 
p r o b l e m s f a c e d by the u n p l a n n e d g r o w t h of the c i ty . R o a d n e t w o r k 
the b a s i c i n f r a s t r u c t u r e fo r the s u r v i v a l of any c i ty is a l so dea l t 
w i t h . In the last it dea l s w i th the s i t e s u i t a b i l i t y m o d e l i n g for 
f u t u r e u r b a n e x p a n s i o n of the c i ty . 
Chapter-I 
URBAN SPRAWL AND R E S E A R C H S T A T E M E N T 
T h e g r o w i n g Ind ian e c o n o m y is p r o p e l l i n g a rapid urban 
g r o w t h . I n d i a ' s p o p u l a t i o n is now wel l ove r I b i l l i o n mark . The 
s ta te of Ut ta r P r a d e s h , the most p o p u l o u s , has a p o p u l a t i o n of 
1 7 0 , 0 0 0 , 0 0 0 by the year 2 0 0 0 . The W e s t e r n U t t a r P r a d e s h has a 
m o r e r a p i d l y g r o w i n g e c o n o m y p a r t i c u l a r l y in the G a n g a - Y a m u n a 
D o a b r e g i o n . In this reg ion the re is a m o r e p r o n o u n c e d p r o b l e m of 
u r b a n i s a t i o n both due to heavy r u r a l - u r b a n m i g r a t i o n on the one 
h a n d and a h ighe r na tu ra l g r o w t h r a t e s of u r b a n p o p u l a t i o n . The 
c i ty s ize is g r o w i n g in area and ex t en t . T h e mos t v u l n e r a b l e area to 
th i s h o r i z o n t a l u rban sp rawl is the r u r a l - u r b a n f r i n g e of a ci ty. The 
u rban sp rawl is the h a r b i n g e r of the e n v i r o n m e n t a l , e c o n o m i c and 
soc ia l p r o b l e m s in the f r i n g e a rea . T h e e c o n o m i c g r o w t h and 
u r b a n sprawT not only t r i gge r l a n d u s e c h a n g e s in the f r i n g e a rea , 
they a l so e n g i n e e r s t r uc tu r a l c h a n g e s w i t h i n the c i ty . The urban 
s p r a w l t akes in its s t r ide even the g o o d a g r i c u l t u r a l l ands which 
a re su i t ab l e h o r t i c u l t u r a l and v e g e t a b l e g r o w i n g a r e a s . In some 
c a s e s the ci ty sp rawl is t o w a r d s u n s u i t a b l e and p o o r l y d r a i n e d low-
ly ing a r ea s . T h e r e f o r e , a s u i t a b l e s i te i d e n t i f i c a t i o n is i m p e r a t i v e 
f o r a p l a n n e d and m a n a g e a b l e u r b a n g r o w t h , w h i c h c o n f l i c t 
m i n i m u m d a n g e r to the s u r r o u n d i n g e n v i r o n m e n t . T a y l o r ' c l a ims 
tha t " M a n d i f f e r e n t i a t e d and m i g r a t e d in r e s p o n s e to e n v i r o n m e n t a l 
c h a n g e s " . Bu t he has to m o u l d h is h a b i t a t and o c c u p a t i o n 
a c c o r d i n g to the needs of the soc i e ty a l so . T h u s , h u m a n s e t t l e m e n t 
Taylor, Griffith (1961) "Urban Geography" Methew Press, p.4. 
g r o w s in s ize as wel l as in the a m e n i t i e s w h i c h a soc ia l sys tem 
d e m a n d s . F inch and T r e w a r t h a " r e f e r to the s e t t l e m e n t , a 
c h a r a c t e r i s t i c g r o u p i n g of p o p u l a t i o n in to o c c u p a n c y un i t s , 
t o g e t h e r wi th the f a c i l i t i e s in the f o r m of h o u s e s and s t r ee t s wh ich 
s e r v e the i n h a b i t a n t s . But the p r e sen t day w o r l d p e o p l e are 
i n c r e a s i n g l y a t t r ac t ed t o w a r d s c o m f o r t and l u x u r i e s . A g r i c u l t r a l 
l ands are f a c i n g s t i f f c o m p e t i t i o n b e c a u s e they y ie ld a 
c o m p a r a t i v e l y low e c o n o m i c d i v i d e n d . It is a l so o p e n to the 
v a g a r i e s - o f n a t u r e . C o n s e q u e n t l y , p o p u l a t i o n f l o w s to the city in 
s e a r c h of w o r k . M o r e o v e r , the a v a i l a b i l i t y of s o m e e c o n o m i c a l l y 
i m p o r t a n t m ine ra l and the l oca t ion of s o m e indus t ry e i the r 
a c c i d e n t a l l y or as a r e su l t of p u r p o s e f u l p l a n n i n g he lps in the 
g r o w t h and area l e x p a n s i o n of c i t i e s . T h e c o n t i g u o u s area 
s u r r o u n d i n g to ci ty may a l so be s t u d i e d wi th i n d u s t r i e s h a v i n g easy 
a c c e s s to the f i n a n c i a l r e s o u r c e s wi th the ea sy a v a i l a b i l i t y of 
s k i l l e d l a b o u r . T h u s , it f o r m the t e n t a c l e s of the p r i m e ci ty . Th i s 
b e c o m e s the u rban area or the m e t r o p o l i t a n a rea . U l t i m a t e l y the 
s u r r o u n d i n g open space is a l so f i l l e d up to b e c o m e the 
c o n u r b a t i o n . 
T h e u r b a n cen t r e s h a v e been c l a s s i f i e d in to f o u r g r o u p s in 
d e s c e n d i n g o rde r , as: (1) M e t r o p o l i s w i th m o r e t h a n one m i l l i o n s 
p o p u l a t i o n ; (2) Ci ty w i th 100 ,000 to one m i l l i o n p o p u l a t i o n ; (3) 
T o w n w i t h 20 ,000 to 100 ,000 p o p u l a t i o n ; (4) S m a l l c e n t r e s wi th 
l ess t han 2 0 , 0 0 0 p o p u l a t i o n s . A m i n i m u m of 50 p e r cen t of the 
" Finch, V.C., Trewartha C.T., Robinson, A.H. and Hammond, G.H. (1957) "Elements of Geography", 
McGraw Hill Book Co., p. 543. 
c e n t r e s in a pa r t i cu l a r g roup is c o n s i d e r e d for m a k i n g the t a luka in 
tha t c a t e g o r y , so, it shows ce r ta in a r ea s of u rban s p r e a d . ' 
1.1 U R B A N E C O L O G Y 
A term app l i ed by later a d h e r e n t s of the C H I C A G O S C H O O L 
of s o c i o l o g i s t s to the i r s tudy of the soc ia l and spa t i a l o r g a n i s a t i o n 
of u r b a n soc ie ty . A l t h o u g h u r b a n e c o l o g i s t h a v e paid some 
a t t e n t i o n to Urban Sys t ems at n a t i o n a l and r e g i o n a l s ca l e , but most 
of them have f o c u s e d on the in t e rna l s t r u c t u r e of l a rge c i t i e s . 
A g a i n s t the t r ad i t i ona l u rban e c o l o g y , as r e p r e s e n t e d by 
H a w l e y ' s C l a s s i c (1950) ' ' t ex t . Be r ry and K a s a r d a ( 1 9 7 7 ) ' focus 
t h e i r a t t e n t i o n on "how a p o p u l a t i o n o r g a n i s e d i t s e l f in a d a p t i n g to 
a c o n s t a n t l y c h a n g i n g yet r e s t r i c t i n g e n v i r o n m e n t ' . 
T h i s c o n t e m p o r a r y u rban e c o l o g i c a l a p p r o a c h a s s u m e s that 
s o c i e t i e s a re c o n s t a n t l y s e e k i n g to r e - e s t a b l i s h an e q u i l i b r i u m 
f o l l o w i n g a s h o c k to the p r e v i o u s a r r a n g e m e n t s , and such 
e q u i l i b r i u m e n c o m p a s s e s the f u n c t i o n a l , d e m o g r a p h i c and spat ia l 
s t r u c t u r e s of the c o m m u n i t y u n d e r i n v e s t i g a t i o n . ' ' 
M a n has b e c o m e a u n i q u e c r e a t u r e in the s e n s e that he 
c r e a t e s his own e n v i r o n m e n t . He is i n c r e a s i n g l y a d w e l l e r of the 
c i t i e s , w h i c h are f u n d a m e n t a l l y his a r t i f a c t s r a t h e r than p r o d u c t s of 
' Vaishwanath, M.S., 1972 -'Growth Patterns and Heirarchy of Urban Centres in Mysore", The Indian 
Geographical Journal, Vol. XLVII, Jan-March, p. 1-2. 
'' Howley, A.H. (1950) "Human Ecology: a theory of community structure", N e w York: Ronald Press. 
Berry, B.J.L. and Karasda, J.D. (1977) "Contemporary Urban Ecology", London: Mac Millan. 
^ R.J. Johnston, Derek Gregory and David M. Smith (ed) (1994) "The Dictionary of Human 
Geography" Blackwell Publishers, U.K., p 146. 
n a t u r e . The c ruc ia l p r o b l e m s of human s u r v i v a l in the ci ty de r ive 
not so m u c h f r o m d r o u g h t s , f amine or e a r t h q u a k e s but f r o m human 
p o l i c i e s and t e c h n o l o g i c a l i n n o v a t i o n s . H e n c e in a t t u n e m e n t with 
the new p r o b l e m s of m a n k i n d in the i r u rban s e t t i n g , eco logy has 
c a r v e d out its ro le in the f i e ld of s c i e n c e , the s tudy of the mate r i a l 
s u b s t r u c t u r e of the c o m m u n i t y , both na tu r a l and m a n - m a d e . It is 
the u r b a n e c o l o g y , wh ich po in t s out how the f ac i l i t i e s of 
t r a n s p o r t a t i o n , indus t ry and o ther phys i ca l f e a t u r e s s u r v i v e in the 
c i ty w h e r e man cou ld not o t h e r - w i s e adec jua te ly t ake ca re of 
h i m s e l f . T h e h u m a n i n n o v a t i o n s and a t t r i b u t e s , w h i c h have m a d e 
t h e c i t i e s as they are t end to c o n t i n u a l l y - r e m o u l d our c i t i es and 
r e s h i f t i n g the i r p o p u l a t i o n . T e c h n o l o g y , as a d r i v i n g f o r c e in u rban 
e c o l o g y f u n c t i o n s to p r o v i d e soc ia l w e l f a r e t h r o u g h such d e v i c e s 
as a i r - c o n d i t i o n i n g uni t s , h e a t i n g s y s t e m s and r a p i d t r ans i t l ines . 
H o w e v e r , it a l so ac ts to d i s o r g a n i s e l i f e by b r i n g i n g a l ien p e o p l e 
i n v o l u n t a r i l y t o g e t h e r , thus g iv ing r i se to h u m a n f r i c t i o n and 
soc ia l d i s a g r e e m e n t s and d i s o r d e r . 
T h e u r b a n e c o l o g i s t s need not o v e r l o o k the f a c t s tha t cu l tu re 
se t s the l imi t s of t h ings , d e t e r m i n e s w h a t is p o s s i b l e and u sua l , and 
se t s the r u l e s fo r ge t t i ng th ings done . H e has to c o n s i d e r the spaces 
as it is c o n n e c t e d wi th s t anda rd of l iv ing , t e c h n o l o g y or s o m e o ther 
e l e m e n t s of cu l t u r e . When the u rban e c o l o g i s t s t u d i e s the s h i f t s of 
h u m a n p o p u l a t i o n w i t h i n or b e t w e e n c i t i e s or any d e s i g n a t e d po in t , 
t h e s e o b j e c t i v e s have been d e f i n e d by c u l t u r a l f o r c e s as d e s i r a b l e 
or u n d e s i r a b l e goa l s . E r i c k s e n and G o r d o n (1954)^ p o i n t e d out that 
t he u r b a n d w e l l e r s are not p a s s i v e a g e n t s in t he i r p h y s i c a l 
' Fricksen, E. Gordon, 91954) "Urban Behaviour, "The Mac Miilan Company, N e w York, p 91-102. 
s u r r o u n d i n g s but are ac t ive p a r t i c i p a n t s in m o u l d i n g the i r 
e n v i r o n m e n t t h r o u g h mate r ia l t e c h n o l o g y . 
1.1 .2 R U R A L E C O L O G Y 
E c o l o g y of the rural a reas has been t e r m e d as Rura l E c o l o g y . 
E c o l o g y as a s c i ence hard ly d i f f e r e n t i a t e s b e t w e e n u rban and rural 
bu t , p a r t i c u l a r l y in a coun t ry l ike ours , the w o r d ' R u r a l E c o l o g y ' 
a p p e a r s to be r e l evan t due to the fac t tha t our 75 p e r c e n t peop le 
s tay in rura l a reas and even t h o u g h the d i s t u r b a n c e s in e c o s y s t e m 
is all over the rural d e w e l l e r s , the p o o r c o m m u n i t y are the wors t 
s u f f e r e r s . When huge dams are c o n s t r u c t e d and v i l l a g e s b rough t 
u n d e r wa t e r , the rural p o p u l a t i o n is s h i f t e d for r e h a b i l i t a t i o n . 
W h e n u r b a n a reas e x p e r i e n c e an e x p a n s i o n the w o r s t s u f f e r e r s are 
o 
ru ra l d w e l l e r s and the i r land ( a g r i c u l t u r a l l and ) . So, it a lso an 
i m p o r t a n t aspec t of u rban s t u d i e s . 
1 .1 .3 T R A N S P O R T E C O L O G Y 
T r a n s p o r t e c o l o g y dea l s wi th the s tudy of g e o g r a p h i c a l 
a s p e c t s of t r a n s p o r t , w h i c h c u r r e n t l y i n c l u d e s such d i v e r s e t h e m e s 
as spa t ia l a s p e c t s of t r a n s p o r t ( n e t w o r k s , t e r m i n a l s , f l o w s of 
c o m m o d i t i e s and p a s s e n g e r s ) , the pa r t p l a y e d by t r a n s p o r t as an 
a g e n t of spa t i a l c h a n g e ( e s p e c i a l l y in the con t ex t of 
D E V E L O P M E N T ) and the i m p a c t of t r a n s p o r t on A C C E S S I B I L I T Y 
and M O B I L I T Y in s p e c i f i c a reas and w i th r e f e r e n c e to d i f f e r e n t 
soc i a l g roups .^ 
^ Kapoor, R.N.. (1987) "Rural Ecology: S o m e ,: Issues", (ed.) Pramod Singh, p. 13-14. 
' Small John and Michael Witherick (1996) "A M o d e m dictionary of Geography" , John Wiley & Sons, 
hic. New York, p. 248. 
In cen tu ry the i m p o r t a n c e of t r a n s p o r t was not only 
r e c o n g n i s e d as p r o v i d i n g f e a t u r e s of the l a n d s c a p e but a lso as an 
agen t of g e o g r a p h i c c h a n g e . All the a b o v e c o n c e p t s of t r a n s p o r t 
g e o g r a p h y have po ten t i a l i m p o r t a n c e for p l a n n i n g the p rov i s ion of 
t r a n s p o r t f a c i l i t i e s and s e rv i ce s . The s tudy of t r a n s p o r t as a soc ia l 
n e e d , c o m b i n e d with the s tudy of t r a n s p o r t as an agent of 
g e o g r a p h i c c h a n g e he lps p l a n n e r s to p r e d i c t the c o n s e q u e n c e s of 
t r a n s p o r t c h a n g e . 
1.1 .4 I N D U S T R I A L E C O L O G Y 
The s tudy of the spa t ia l a r r a n g e m e n t and o r g a n i s a t i o n of 
i n d u s t r i a l ac t iv i ty wi th s e c o n d a r y sec to r or m a n u f a c t u r i n g ac t iv i ty 
in r e l a t i o n s wi th the e n v i r o n m e n t . It is p r i n c i p a l l y c o n c c r n c d with 
s e c o n d a r y sec to r or m a n u f a c t u r i n g a c t i v i t y . I n i t i a l l y , it dea l t 
m a i n l y w i th the d e s c r i p t i o n and e x p l a n a t i o n of the d i s t r i b u t i o n 
p a t t e r n s of i n d i v i d u a l i n d u s t r i e s . In 1960s t h e r e w a s a r e s u r g e n c e 
of i n t e r e s t s in the l oca t ion t h e o r i e s by d i f f e r e n t g e o g r a p h e r s . S ince 
then wi th the r i se of B e h a v i o u r a l G e o g r a p h y , the t e r m has b e c o m e 
p a r t i c u l a r l y c o n c e r n e d wi th D E C I S I O N M A K I N G by 
i n d u s t r i a l i s t s . " This was the t ime w h e n p r o b l e m s of p l a n n i n g 
i n d u s t r i a l d e v e l o p m e n t a r i s e s . In the a d v a n c e d c a p i t a l i s t wor ld the 
f o c u s has been p r i m a r i l y on p r o b l e m s of e c o n o m i c d e c l i n e in o lde r 
i n d u s t r i a l r e g i o n s and on p l a n s to e n c o u r a g e the d i spe r sa l of 
m a n u f a c t u r i n g f i rm f r o m p r o s p e r o u s m e t r o p o l i t a n c e n t r e s into the 
p e r i p h e r y . M o r e r ecen t l y , a t t e n t i o n has s h i f t e d to t h e d e c l i n e of 
i n d u s t r y in the inner c i ty , and s h i f t it to the p e r i p h e r y . 
Johnston, op.cit., p. 352. 
Small John, op.cit., p. 123. 
1.2 U R B A N I S A T I O N A N D U R B A N I S M 
U r b a n i s m is d e f i n e d in t e rms of s eve ra l city and town 
c h a r a c t e r i s t i c s . W i r t h ' s ' " d e f i n i t i o n of a ' ' C i t y " s p e c i f i e d as 
m i n i m a l e l e m e n t s ize , dens i ty and " s o c i a l h e t e r o g e n e i t y " . Sorok in 
and Z i m m e r m a n ' ' ' in the i r " c o m p o u n d d e f i n i t i o n " , i n c l u d e these 
e l e m e n t s and o the r s , a m o n g wh ich they e m p h a s i s e d the i m p o r t a n c e 
of a g r i c u l t u r a l o c c u p a t i o n as a c r i t e r i o n of r u r a l i t y . 
T h e c h a r a c t e r i s a t i o n of a c o m m u n i t y as u r b a n on the bas i s of 
s i ze can c o m p l e t e l y be s a t i s f y i n g as l ong as n u m b e r s are r ega rded 
as the so le c r i t e r i on . 
If we i d e n t i f y u r b a n i s m wi th the p h y s i c a l en t i ty of the ci ty, 
v i e w i n g it me re ly as r ig id ly d e l i m i t e d in s p a c e , and p r o c e e d as if 
u r b a n a t t r i b u t e s a b r u p t l y c e a s e d to be m a n i f e s t e d beyond as 
a r b i t r a r y b o u n d a r y l ine , we are not l ike ly to a r r i v e at any a d e q u a t e 
c o n c e p t i o n of u r b a n i s m as a m o d e of l i fe . ' ^ I n s t e a d , that wil l be 
c a l l e d U r b a n i s a t i o n w h i c h is a p h y s i c a l sp read of the c i ty , w h e t h e r 
the c o n s e q u e n c e s are n e g a t i v e or p o s i t i v e . On the o the r hand 
U r b a n i s m is a q u a l i t a t i v e p h e n o m e n o n w h i c h is r e l a t e d to the 
b e t t e r i n f r a s t r u c t u r e p r o v i s i o n s in the c i t i e s . 
Louis Wirth, (1938) "'Urbanism as a way of life", American Journal of Sociology, XLIV (July, 
1938), p.3. 
Pitirim Sorokin and Carle C. Zimmerman, (1929) "Principles of Rural-Urban Sociology, New York: 
Henry Holt and Co., p. 14. 
Duncan, Otis Dudley, (1965) "Communi ty Size and the Rural-Urban ContinunV". Hatt, Paul K. and 
Reiss, Albert J. (ed.) "Cities and Society-The Revised Reader in Urban Sociology", The Free Press, 
New York, p. 48. 
Louis Wirth, (1965) "Urbanism as a way of life". Halt, Paul K., and Reiss, Albert J. (ed.) "Cities and 
Society-The Revised Reader in Urban Sociology", The Free Press, N e w York, p. 48. 
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A s e r v i c e a b l e d e f i n i l i o n of u r b a n i s m s h o u l d not only d e n o t e 
the e s s e n t i a l c h a r a c t e r i s t i c s wh ich all c i t i es h a v e in c o m m o n , but 
s h o u l d lend i t se l f to the d i s c o v e r y of the i r v a r i a t i o n . An indus t r i a l 
c i ty wil l d i f f e r s i g n i f i c a n t l y in soc ia l r e s p e c t s f r o m c o m m e r c i a l , 
m i n i n g , f i s h i n g , resor t , un ive r s i t y and Cap i t a l C i ty . 
U r b a n i s m as a c h a r a c t e r i s t i c m o d e of l i f e may be a p p r o a c h e d 
e m p i r i c a l l y f r o m th ree i n t e r r e l a t ed p e r s p e c t i v e s : 
( i) As a phys i ca l s t r uc tu r e c o m p r i s i n g a p o p u l a t i o n base , a 
t e c h n o l o g i c a l level and an e c o l o g i c a l o r d e r ; 
( i i ) As a sys t em of soc ia l o r g a n i s a t i o n i n v o l v i n g a c h a r a c t e r i s t i c 
soc ia l s t r u c t u r e , a se r i e s of soc ia l i n s t i t u t i o n s , and a typ ica l 
p a t t e r n of soc ia l r e l a t i o n s h i p s ; and 
( i i i ) As a set of a t t i t ude and ideas , and a c o n s t e l l a t i o n of 
p e r s o n a l i t i e s e n g a g i n g typ ica l f o r m s of c o l l e c t i v e b e h a v i o r 
and s u b j e c t to c h a r a c t e r i s t i c s m e c h a n i s m of s o c i a l con t ro l . ' ^ 
1.3 U R B A N I S A T I O N - A C O M P A R A T I V E A N A L Y S I S W I T H 
R E F E R E N C E TO I N D I A 
U r b a n d e v e l o p m e n t is one of the mos t p o w e r f u l f o r c e s w h i c h 
a re s h a p i n g the g e o g r a p h y of the c o n t e m p o r a r y w o r l d . In 1899, 
a b o u t 2 pe r cen t of the p o p u l a t i o n l ived in u r b a n p l a c e s , e s p e c i a l l y 
in no r th wes t E u r o p e and the ea s t e rn s e a b o a r d of t h e U n i t e d S ta tes 
Ibid,, p. 49. 
Ibid., p. 58. 
w h e n Weber"^ has p r e s e n t e d his work " T h e G r o w t h of Ci t i e s in the 
n i n e t e e n t h C e n t u r y " . It was a round 27 p e r c e n t in 1950.''^ Today , 
t h e r e is s i g n i f i c a n t urban d e v e l o p m e n t a c r o s s the wor ld and the 
level of u r b a n i s a t i o n is e s t i m a t e d to be s l i gh t ly a b o v e 50 percent . "" 
T h i s r a d i c a l t r a n s f o r m a t i o n in the d i s t r i b u t i o n of h u m a n s e t t l e m e n t 
p o i n t s to the o p e r a t i o n of p o w e r f u l p r o c e s s e s of urban 
d e v e l o p m e n t . 
1.3 .1 . U R B A N I S A T I O N IN T H E W O R L D 
T h e p r o p o r t i o n as wel l as the to ta l n u m b e r of peop l e who 
l ive in t o w n and c i t i es is i n c r e a s i n g r a p i d l y at the g loba l sca le . 
U r b a n i s a t i o n i nvo lves a s h i f t in the d i s t r i b u t i o n of p o p u l a t i o n f rom 
ru ra l to u rban l oca t i on . Each year s o m e 70 m i l l i o n m o r e peop l e are 
a d d e d to the w o r l d ' s t o w n s and c i t i e s t han to its rura l a reas . 
A l t h o u g h at 0 .24 p e r c e n t pe r a n n u m the g l o b a l r a t e of u r b a n i s a t i o n 
s e e m s c o m p a r a t i v e l y m o d e s t , it has p r o f o u n d long - t e rm 
i m p l i c a t i o n . In the last 100 yea r s u r b a n i s a t i o n a p p e a r s to be a 
cyc l i c p r o c e s s t h r o u g h w h i c h n a t i o n s pa s s as they e v o l v e f r o m 
a g r a r i a n to i ndus t r i a l soc i e t i e s . " ' 
Weber , A.F. (1899) " The Growth of Cities in the Nineteenth Century", N e w Yoric MacMiilan. 
" Davis, K. (19650 "The Urbanisation of the Human Populat ion" Scientific American, 213, p.40-53. 
20 Clark, S. (1996) "Urban World Global City", London: Routledge. 
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T a b l e 1.1. 
G L O B A L U R B A N P O P U L A T I O N BY M A J O R R E G I O N S -
1 9 6 0 - 2 0 2 5 
REGION 1960 1970 1980 2000 2025 1 
(%) (%) (%) ( % ) * : 
W o r l d 3 3 . 6 3 6 . 9 3 9 . 9 4 8 . 2 6 4 . 4 1 
L e s s d e v e l o p e d 2 1 . 4 2 5 . 2 2 9 . 4 4 0 . 4 5 7 . 8 : 
M o r e d e v e l o p e d 6 0 . 3 6 6 . 4 7 0 . 6 7 7 . 8 8 5 . 4 i 
A f r i c a 18 .4 2 2 . 9 2 0 , 7 4 2 . 2 5 8 .3 
L a t i n A m e r i c a 4 9 . 3 5 7 . 4 . 6 5 . 4 7 6 . 9 8 4 . 4 
N o r t h A m e r i c a 6 9 . 9 7 3 . 8 7 3 . 8 7 8 . 0 8 5 . 7 1 
E a s t A s i a 2 1 . 3 2 6 . 3 2 8 . 0 3 4 . 2 5 L 2 ! 
S o u t h A s i a 18 .3 2 1 . 2 2 5 . 4 3 6 . 8 5 5 . 3 
E u r o p e L 6 0 . 5 6 6 . 1 7 1 . 1 7 8 . 9 8 5 . 9 
O c e a n i a 6 6 . 3 7 0 . 8 7 1 . 6 7 3 . 0 7 8 . 3 
S o u r c e : U N E c o n o m i c & P o p u l a t i o n D i v i s i o n , D e p a r t m e n t o f R c o n o m i c s a n d S o c i a l 
A f f a i r s 
* P r o j e c t F i g u r e s 
The mos t i m p o r t a n t c h a r a c t e r i s t i c of c o n t e m p o r a r y urban 
c h a n g e is the la rge sca le u rban p o p u l a t i o n g r o w t h . Each year the 
w o r l d ' s u r b a n p o p u l a t i o n is r i s i ng by 84 m i l l i o n . U r b a n g rowth 
c o r r e l a t e s s t rong ly wi th ove ra l l p o p u l a t i o n g r o w t h and so it is not 
s u r p r i s i n g to f ind that the g r e a t e s t g a i n s are o c c u r r i n g in h igh ly 
p o p u l a t e d c o u n t r i e s w h e r e l a rge n u m b e r s a re a d d e d to the na t iona l 
p o p u l a t i o n each year . It is e s t i m a t e d tha t t he u r b a n p o p u l a t i o n of 
C h i n a a l o n e is r i s ing by 23 mi l l i on pe r a n n u m . L i t t l e or no urban 
g r o w t h is t a k i n g p l ace in E u r o p e w h e r e n a t i o n a l p o p u l a t i o n levels 
a re v i r t u a l l y s t a t i c . " ' 
The p e r c e n t a g e of u r b a n p o p u l a t i o n is i n c r e a s i n g more 
r a p i d l y in A f r i c a , East and South A s i a . In 1960 t h e p e r c e n t a g e of 
u r b a n p o p u l a t i o n in A f r i c a was 18.4, w h i c h w a s i n c r e a s e d to 2 8 . 7 % 
in 1980 and the p r o j e c t e d f i g u r e s f o r 2 0 2 5 a re 5 8 . 3 % wh ich are 
Ibid, p.18. 
1 1 
s h o w i n g m o r e than 40 p e r c e n t i n c r e a s e . T h e s a m e t rend has been 
o b s e r v e d f rom the f i gu re s of east and sou th A s i a . The p e r c e n t a g e 
of i n c r e a s e is a lso high for Lat in A m e r i c a . E u r o p e and Ocean i a is 
s h o w i n g m o d e r a t e i n c r e a s e of u rban p o p u l a t i o n . In t e rms of less 
d e v e l o p e d and more d e v e l o p e d c o u n t r i e s the i n c r e a s e of urban 
p o p u l a t i o n is s h o w i n g g rea t v a r i a t i o n s . T h e less d e v e l o p e d a reas 
are e x p e r i e n c i n g la rge sca le u rban p o p u l a t i o n g r o w t h as c o m p a r e d 
to the d e v e l o p e d a reas w h e r e the g r o w t h is m o d e r a t e . 
1.3 .2 U R B A N I S A T I O N IN A S I A 
With an area of a b o u t 1 7 , 1 8 9 , 4 3 2 s q . m i l e and with a 
p o p u l a t i o n f i g u r e s of m o r e than 3 b i l l i o n A s i a ' s popu l a t i on 
r e p r e s e n t s abou t 6 0 % of the w o r l d t o t a l . T h e t w o mos t p o p u l o u s 
n a t i o n s on the Ear th are : C h i n a wi th m o r e than 1.1 b i l l ion p e o p l e ; 
and Ind i a , wi th a lmos t 850 m i l l i o n . T h e a v e r a g e dens i ty (70 per 
km") has n o w e x c e e d e d tha t of E u r o p e (68 pe r km") , but the 
p o p u l a t i o n d i s t r i b u t i o n is e x t r e m e l y u n e v e n . W h i l e a reas such as 
the I n d i a n s u b c o n t i n e n t , t r o p i c a l and e q u a t o r i a l A s i a in gene ra l are 
d e n s e l y p o p u l a t e d , c o n t a i n i n g abou t 9 0 % of the p o p u l a t i o n . Other 
h u g e t r a c t s of land, such as the s t e p s d e s e r t and h igh m o u n t a i n 
r e g i o n s are p r a c t i c a l l y u n i n h a b i t e d , w i t h d e n s i t i e s of less than 1 
pe r km^. E v e n w i th in ve ry d e n s e l y p o p u l a t e d c o u n t r i e s such as 
I n d i a and Ch ina the re are bo th over p o p u l a t e d r e g i o n (658 and 590 
p e r km^ r e s p e c t i v e l y ) as w e l l as a r e a s in w h i c h the ave rage 
p o p u l a t i o n dens i ty is e x t r e m e l y low of I p e r km^. E v e n in J apan , 
h o m e of the w o r l d ' s s e c o n d l a r g e s t m e g a l o p o l i s t he n o r t h e r n i s l and 
of H o k k a i d o c o n c e n t r a t e d h a l f of its p o p u l a t i o n in its f ive l a rges t 
c i t i e s and c o n t a i n la rge u n d e r - p o p u l a t e d r u r a l a r e a s . 
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T a b l e 1.2 
ASIA - A R E A A N D P O P U L A T T O N 
Area (sq. mile) Population Year 
17,189,432* 3 ,145,395,000 1990 
* I n c l u d i n g t h e A s i a n p a r t o f f o r m e r U . S . S . R . , t h e C a s p i a n S e a a n d the A r a l 
S e a ; e x c l u d i n g E u r o p e a n T u r k e y , S o c o t r a a n d I r i a n J a y a , 
S o u r c e : W o r l d G e o g r a p h i c a l E n c y c l o p e d i a - A s i a , V o l . 3. 
A s i a ' s p o p u l a t i o n is g r o w i n g at a h igh and c o n s t a n t ra te , and 
the p r o b l e n i of p o p u l a t i o n g r o w t h is t a k i n g on c r i s i s p r o p o r t i o n . 
T h e c o u n t r i e s of B a h r a i n , K u w a i t and Q a t a r h a v i n g a n n u a l g rowth 
ra t e of 14%, the o ther Arab c o u n t r i e s are a l so h igh g r o w t h ra tes of 
3 % and m o r e for many yea r s . D e s p i t e w i d e r a n g i n g c a m p a i g n s to 
l imi t b i r t h s , I n d i a ' s g rowth ra te is s t i l l 2 . 2 % , the f i g u r e s for Ch ina 
is 1 .2%. Mos t o ther As i an c o u n t r i e s s t i l l h a v e f a i r l y h igh ra tes 
( b e t w e e n 2 . 5 % and 3 . 5 % ) , d e s p i t e a p e r s i s t e n t l y h igh in fan t 
m o r t a l i t y ra te . E x c e p t i o n s i nc lude the A s i a n pa r t o f the R u s s i a n 
F e d e r a t i o n and e spec i a l l y J a p a n , w h e r e the g r o w t h ra te is about 
0 . 7 % and st i l l d e c l i n i n g . G r o w t h has been e s p e c i a l l y s p e c t a c u l a r in 
the g r ea t m a r i t i m e e m p o r i a ( H o n g K o n g , M u m b a i , J aka r t a and 
K a r a c h i ) , s o m e of wh ich w e r e a lso s t r a t e g i c b a s e s for co lon ia l 
p o w e r s . J a p a n , wh ich has the h i g h e s t p r o p o r t i o n s of u rban 
r e s i d e n t s in As ia ( a lmos t 80%) , p r e s e n t s the m o s t i m p r e s s i v e case 
of u r b a n i s a t i o n wi th 0 .7% a n n u a l g r o w t h ra te . '' 
'World Geographical Encyclopedia-Asia" (1995), Vol. 3, McGraw-Hil l , Inc., p. 5 
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1 .3 .3 U R B A N I S A T I O N IN INDIA 
The p re sen t p o p u l a t i o n ( a c c o r d i n g to the M a r c h 1991 c e n s u s ) 
c o m e s to m o r e that 844 mi l l ion wi th an a v e r a g e dens i ty of 
a p p r o x i m a t e l y 257 i n h a b i t a n t per km", the h i g h e s t in the wor ld for 
a c o u n t r y wi th an area e x c e e d i n g 3 86 ,00 sq. mi l e (1 mi l l ion sq. 
k m ) . To g ive an idea of the p o p u l a t i o n g r o w t h ra te in 1981 s l igh t ly 
m o r e than 685 mi l l ion i n h a b i t a n t were r e c o r d e d , w h i l e at the t ime 
of i n d e p e n d e n c e ( 1 9 4 7 ) the n u m b e r was less than h a l f tha t (328 
m i l l i o n ) and at the b e g i n n i n g of the c e n t u r y ( 1 9 0 1 ) the f i g u r e was 
b a r e l y 238 m i l l i o n . At that t ime it was p r e d i c t e d tha t , if the cu r r en t 
g r o w t h ra tes w e r e m a i n t a i n e d . I n i d a ' s p o p u l a t i o n wou ld exceed 
one b i l l i on , s u r p p a s i n g that of Ch ina wi th in a sho r t t ime . 
T a b l e 1.3 
I N D I A - A R E A A N D P O P U L A T I O N 
24 
Name Area (sq. mile) Populat ion Year 
India 1,269,084 844,324,222 1991 
U.P. 113,643 139,03 1,130 1991 
S o u r c e : W o r l d G e o g r a p h i c a l E n c y c l o p e d i a - A s i a , V o l . 3 . 
As we k n o w that Ind ia is e x p e r i e n c i n g r a p i d u r b a n i s a t i o n . 
A l t h o u g h the p r o p o r t i o n of u rban p o p u l a t i o n to t o t a l p o p u l a t i o n is 
s m a l l but the a b s o l u t e g r o w t h in r e c e n t d e c a d e s has been qu i t e 
s u b s t a n t i a l . T h i s is l a rge ly due to the f ac t t ha t I n d i a n o w has a 
p o p u l a t i o n s ize of 1000 m i l l i o n . It m a k e s the u r b a n g r o w t h all the 
m o r e c u m b e r s o m e . The u r b a n p o p u l a t i o n has i n c r e a s e d a b o u t e ight 
t i m e s f r o m 26 mi l l i on in 1901 to 240 m i l l i o n in 1991 to over 300 
Ibid, p. 110. 
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mi l l i on by the year 2000 , wh i l e the rura l p o p u l a t i o n g rew by abou t 
t h r e e - a n d - a - h a l f t imes d u r i n g s a m e p e r i o d . 
T a b l e 1.4 
D E C A D A L U R B A N P O P U L A T I O N IN I N D I A 
Year Towns Million Urban Pop. % of urban j Growth 
Cities (mil l ion) Populat ion rate in % 
1 9 0 1 N A N A 2 5 . 7 8 1 0 . 9 6 ( 1 9 0 1 - 1 1 ) 
0 , 2 9 
1 9 5 1 N A N A N A 1 7 . 5 9 : 4 1 . 3 1 
1 961 N A N A 7 7 . 0 0 N A i 2 5 . 8 6 
1971 3 1 2 6 N A 1 0 9 . 0 0 N A : 3 7 . 9 6 
^ 1981 4 0 2 9 12 1 5 9 . 7 0 2 3 . 7 1 4 6 , 2 4 
1991 4 6 8 9 23 2 4 0 . 0 0 2 5 . 7 2 i 3 6 . 1 9 
2 0 0 1 * - 36 3 2 6 . 0 0 3 2 . 0 0 ' 
* P r o j e c t F i g u r e s 
S o u r c e : C o m p i l e d f r o m v a r i o u s c e u s u s r e c o r d s ( 1 9 0 1 - 1 9 9 1 ) . 
The u rban p o p u l a t i o n in Ind ia w a s r e c o r d e d 2 5 . 7 2 pe rcen t of 
the c o u n t r y ' s 844 .3 mi l l i on p o p u l a t i o n ( 1 9 9 1 ) . The g rowth of 
u r b a n p o p u l a t i o n in Ind ia d u r i n g the las t d e c a d e of 1981-91 (36 .19 
p e r c e n t ) has s l owed down by 10 p e r c e n t as a g a i n s t tha t of 1971-81 
( 4 6 . 2 4 p e r c e n t ) . This cou ld be a t t r i b u t e d to the r e d u c t i o n in rura l -
u r b a n m i g r a t i o n . But the n u m b e r of c i t i e s and t o w n s has been 
c o n s i s t e n t l y i n c r e a s i n g . T h e r e w e r e 3 , 1 2 6 c i t i e s and t o w n s in 1971 
and the f i g u r e wen t u p t o 4 . 0 2 9 in 1981 and n o w s tood at 4 ,689 in 
1991. H o w e v e r , the g r o w t h of t o w n s h a s been u n e v e n . As per 1991 
c e n s u s t h e r e are 23 m e t r o p o l i t a n c i t i e s in I n d i a . T h e fou r mega 
c i t i e s ( h a v i n g more than 5 m i l l i o n p o p u l a t i o n ) are M u m b a i , 
C a l c u t t a , De lh i and C h e n n a i . 
It is p r o j e c t e d that t he u r b a n p o p u l a t i o n in Ind ia wil l be 
abou t 32 pe r cen t by the yea r 2 0 0 1 . It is a l so l i ke ly that t he re wi l l 
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be ove r 36 c i t i es in India wi th a p o p u l a t i o n of a b o v e one mi l l ion 
mark d u r i n g the same year. '" ' 
T h e N a t i o n a l C o m m i s s i o n on u r b a n i s a t i o n obse rved that 
u rban Ind ia is a mixed bag . We have h igh u rban s ta tes l ike 
M a h a r a s h t r a , Tami l Nadu and West Benga l and low urban s ta tes 
l ike U t t a r P r a d e s h , M a d h y a P radesh and A n d h r a P r a d e s h , h a v i n g a 
high a g r i c u l t u r a l sec to r but n e v e r t h e l e s s wi th a la rge u rban 
p o p u l a t i o n by v i r tue of the i r l a rge p o p u l a t i o n s i ze . T h e r u r a l - u r b a n 
m i g r a t i o n f o r m s the main f o r c e of g r o w t h of u r b a n c e n t r e s . The 
f o u r , s o u t h e r n s ta tes c o n s t i t u t e 23 p e r c e n t of the to ta l p o p u l a t i o n 
and 27 p e r c e n t of the u rban p o p u l a t i o n . The e a s t e r n reg ion of 
B iha r , Wes t B e n g a l , O r i s s a , T r i p u r a and all the n o r t h - e a s t e r n s t a t e s 
h a v e less t han 10 p e r c e n t of the u r b a n p o p u l a t i o n as aga ins t 26 
p e r c e n t of the to ta l p o p u l a t i o n . S i m i l a r l y the n o r t h e r n and cen t ra l 
z o n e s a l so have low l eve l s of u r b a n i s a t i o n of 5 to 10 p e r c e n t . 
H o w e v e r , the m o r e typ ica l s i t u a t i o n is that the area a round 
m e t r o p o l i t a n c i t ies have a g r e a t e r c o n c e n t r a t i o n of u rban 
p o p u l a t i o n in each of t h e s e r e g i o n s . T h e f o u r m e g a c i t i e s of Ind ia -
M u m b a i , C a l c u t t a , De lh i and C h e n n a i t o g e t h e r a c c o u n t for m o r e 
than o n e - s i x t h of the p o p u l a t i o n of nea r ly 5 0 0 0 u rban c e n t r e s in 
Ind i a . All the 23 m e t r o p o l i t a n c i t i es c o n t a i n e d o n e - t h i r d of I n d i a ' s 
u r b a n p o p u l a t i o n and a b o u t o n e - t e n t h of the t o t a l p o p u l a t i o n of 
I n d i a . Bu t only o n e - f o u r t h of the I n d i a ' s u r b a n p o p u l a t i o n l ives in 
3 , 0 5 1 sma l l t o w n s each c o m p r i s i n g less than 5 0 , 0 0 0 persons .^^ 
Singh, R.B. (1997) "Urbanisation , Environmental Crises and Urban Planning in India", The 
Geographer, Vol. XLIV, No. 2, July, P. 5-7, 
Puri, R.K. (1993) "Mega Cities, Bane of Urbanisation", The Hindustan Times, Indian Daily 
Newspaper , New Delhi, Oct. 11. 
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T a b l e 1.5 
D E C A D A L P E R C E N T A G E G R O W T H OF S O M E S E L E C T E D 
U R B A N C E N T E R S (BY C L A S S - S I Z E C I T I E S ) 
Size Class Name of the Population D e e e n n i a 1 
Town / City (1991) growth Rate of 
Population 
(1981-91) 
1 5,000,000- Greater 
10,000,000 Mumbai 12,596,243 33.69 
+ Calutta 1 1,021,918 19.88 
Delhi 8,419,084 46.45 
Chennai 5,421,985 26.41 
11 1,000,000- Hyderabad 4 ,344,437 66.60 
4 ,999,999 Viskakhapatam 1,057,1 1 8 75.13 
Patna 1,099,647 19.67 
Ahmadabad 3,312,216 29.51 
Bangalore 4 ,130,288 41.36 
Bhopal 1,062,771 58.38 
Piine 2 ,493,987 44.82 
Ludhiana 1,042,740 71.77 
.laipur 1,518,235 49.56 
Kanpiir 2 ,029,889 23.84 
Lucknow 1,669,204 65.66 
Varanasi 1,030,883 29.32 
III 500,000- Vi jyawada 845,756 37.81 
999.999 Guwahati 584,342 191.62 
.lamshedpur 829,171 21.93 
Dhanbad 815,005 18.94 
Rajkot 654,490 47.05 
Mysore 653,345 36.37 
Tr ivandrum 826,225 58.85 
Nasik 725,341 63.73 
Agra 948,063 26.86 
Meerut 849,799 56.50 
Allahabad 844,546 29.92 
Bareil ly 617,350 37.36 
Ghaziabad 511,759 78.21 
IV 100,000- Warangal 467,757 39.57 
499.999* Jamnagar 381,646 20.206 
1 7 
R o h t a k 2 1 6 , 0 9 6 2 9 . 5 8 
S h i m 1 a 1 1 0 , 3 6 0 5 1 . 1 7 
B h u b a n e s w a r 41 1 , 5 4 2 8 7 . 7 4 
A11 g a r b 4 8 0 , 5 2 0 4 9 . 7 9 
M o r a d a b a d 4 4 3 , 7 0 1 2 8 . 4 8 
S a h a r a n p t i r 3 7 4 , 9 4 5 2 6 . 9 5 
M a t h Lira 2 3 5 , 9 2 2 4 7 . 9 2 
H a p u r 1 4 6 , 2 6 2 4 2 . 2 3 
B u l a n d s h a h r 1 2 7 , 2 0 1 2 2 . 9 8 
V 5 0 , 0 0 0 - K h u r j a 8 0 , 3 0 5 1 9 . 6 4 
9 9 , 9 9 9 A d i l a b a d 8 4 , 2 5 5 5 7 . 5 3 
A n k l e s h v a r 7 1 , 8 8 8 7 5 . 5 0 
A z a m g a r h 7 8 , 5 6 7 1 8 . 1 0 
B a l l i a 8 4 , 0 6 3 3 6 . 2 3 
E t a h 7 8 , 4 5 8 4 5 . 8 7 
B a s t i 8 7 , 3 7 1 2 5 . 7 7 
D a r j i l i n g 7 3 , 0 6 2 2 6 . 8 3 
F i r o z p u r 7 8 , 7 3 8 7 6 . 2 3 
G h a z i p u r 7 6 , 5 4 7 2 6 . 0 5 
.Tharia 6 9 , 6 4 1 6 . 8 8 
K a s g a n j 7 5 , 6 3 4 2 3 . 1 7 
IV 2 0 , 0 0 0 - M u s s o o r i 2 6 , 7 2 2 4 6 . 5 5 
4 9 , 9 9 9 * * N a i n i t a l 2 9 , 8 3 7 1 4 . 3 4 
P a r a d i p 4 8 , 1 0 4 4 5 . 5 8 
H a m i r p u r ( U P ) 2 6 , 8 3 5 2 5 . 5 3 
G u l a o t h i 3 3 , 9 8 2 3 9 . 1 7 
F a t e h p u r S i k r i 2 5 , 4 4 6 4 2 . 0 9 
D u m D u m 4 0 , 9 6 1 2 1 . 8 9 
B o k a r o 2 8 , 3 6 8 7 9 . 7 1 
A t r a u l i 3 5 , 1 3 5 2 8 . 6 1 
A l m o r a 2 6 , 0 0 1 1 4 . 5 1 
S t a t i s t i c a l A b s t r a c t ~ I n d i a ( 1 9 9 7 ) 
S t a t i s t i c s , G o v t , o f I n d i a , p 2 0 - 2 8 . 
C e n s u s o f I n d i a 1 9 9 1 , 1 9 8 1 , A l l I n d i a 
C e n t r a l O r g a n i s a t i o n , D e p a r t m e n t o f 
T o w n D i r e c t o r y , P a r t 1 
T h e u r b a n i s a t i o n t r e n d s l iave b e e n r e f l e c t e d ail over the 
c o u n t r y , w h i c h in tu rn have led to the t r a n s f o r m a t i o n of 
a g r i c u l t u r a l land in to bu i l t f o r m . T h e p e r c e n t a g e of u rban 
p o p u l a t i o n in the na t ion is i n c r e a s i n g day by day and it is e x p e c t e d 
to r e a c h 50 p e r c e n t by 2 0 2 1 . Th i s r e f l e c t s t h e g r o w t h of u rban 
c e n t r e s . The g r o w t h of s e t t l e m e n t s is r e f l e c t e d in t e r m s of i n c r e a s e 
in s ize or a rea w h i c h is q u a n t i f i e d in t e r m s of a m o u n t of land 
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s p e c i f i e d fo r v a r i o u s u rban uses , e .g . r e s i d e n t i a l , c o m m e r c i a l , 
i n d u s t r i a l , pub l i c and s e m i - p u b l i c . 
The g rowth of s e t t l e m e n t is c a t e g o r i s e d in f ive g roups 
a c c o r d i n g to the g r o w t h ra te per d e c a d e in 1981 census . The 
s e t t l e m e n t s wi th g r o w t h ra te of less than 15 per cen t per decade are 
t e r m e d as d e c l i n i n g , the s e t t l e m e n t s h a v i n g g r o w t h ra t e be tween 15 
p e r c e n t to 25 p e r c e n t per d e c a d e as s t a t i c , the s e t t l e m e n t s hav ing 
g r o w t h ra t e b e t w e e n 25 to 3 5 pe rcen t per d e c a d e are n o r m a l , the 
s e t t l e m e n t wi th g r o w t h ra te b e t w e e n 35 to 50 p e r c e n t per decade 
a re d y n a m i c a l l y g r o w i n g and s e t t l e m e n t s wi th g r o w t h ra te a b o v e 
50 p e r c e n t are t e rmed as e x t r a o r d i n a r y g r o w i n g s e t t l e m e n t s . " ' 
As per 1991 c e n s u s , abou t 217 m i l l i o n u r b a n p o p u l a t i o n are 
l i v i n g in 3 7 6 8 u r b a n a r ea s . By 2001 abou t 300 to 325 mi l l ion 
p e o p l e w o u l d r e s i d e in the s a m e n u m b e r of s e t t l e m e n t s in shor t 
s p a n of t ime . It m e a n s one out of t h ree p e r s o n s in u rban a reas and 
m o s t of the l a rge r t o w n s w o u l d g r o w f a s t e r and it would be 
i n c r e a s i n g l y d i f f i c u l t to c o p e wi th the g r o w i n g d e m a n d of s e rv i ce s 
and m a i n t a i n e d a b a l a n c e b e t w e e n u r b a n c e n t r e s and the i r 
env i ronmen t . ^^ 
1.3 .4 U R B A N I S A T I O N IN U T T A R P R A D E S H 
Ut ta r P r a d e s h is one of the d e n s e l y p o p u l a t e d s t a tes in the 
c o u n t r y . A c c o r d i n g to 1991 c e n s u s , t he s t a te had a p o p u l a t i o n of 
139 ,11 m i l l i o n p e r s o n s . A m o n g the s t a t e s , U t t a r P r a d e s h ca r r i e s 
' ' Sehgal Leenu (1991) "Urban Dynamics and Land-Use Transformat ion: A Case Study of 
Ghaziabad" , ITPl Journai. Vol. 9, No.3 (145), March, p.36. 
S ingh(1997) , op.cit, p. 8. 
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the l a rges t sha re (16 .44 pe r cen t ) oT the c o u n t r y ' s p o p u l a t i o n . 
Whi l e B i h a r s t ands s econd with 10.21 p e r c e n t and is f o l l o w e d by 
M a h a r a s h t r a (9 .33 pe r cen t ) and West B e n g a l ( 8 . 0 4 p e r c e n t ) . But in 
t e r m s of a rea Ut tar P r a d e s h s t ands fou r th a m o n g the s ta tes and 
o c c u p i e s 8 .77 pe r cen t of the c o u n t r y ' s to ta l a r ea . M a d h y a P radesh 
( 1 3 . 5 0 p e r c e n t ) , R a j a s t h a n (10 .43 p e r c e n t ) and M a h a r a s h t r a (9 .33 
p e r c e n t ) are the th ree top s ta tes as far as a rea is conce rned . " ' ' 
P O P U L A T I O N D I S T R I B U T I O N 
T h e d i s t r i b u t i o n of p o p u l a t i o n a m o n g d i s t r i c t s of the s ta te is 
u n e v e n and the r ange of va r i a t i on is very l a rge as it r uns f r o m 0 .24 
m i l l i o n in Ut t a r Kash i to 4 .92 mi l l i on in A l l a h a b a d . If the to ta l 
p o p u l a t i o n of A l l a h a b a d d i s t r i c t be c o m p a r e d w i th the tota l 
p o p u l a t i o n of the s t a tes , we f ind tha t H i m a c h a l P r a d e s h (5 ,17 
m i l l i o n ) is very c lose to it, wh i l e many of the n o r t h e a s t e r n s t a tes 
ca r ry p o p u l a t i o n much less than of th is s i n g l e d i s t r i c t . They are : 
T r i p u r a (2 .76 m.) M a n i p u r (1 .84 m.) M e g h a l a y a ( 1 . 7 7 m.) and 
N a g a l a n d ( 1 . 2 1 m . ) . 
T h e a v e r a g e p o p u l a t i o n of a d i s t r i c t is 2 .21 m i l l i o n . Th i r ty 
t h r e e d i s t r i c t s out of s i x t y - t h r e e have a p o p u l a t i o n of m o r e than 
th i s a v e r a g e . T h e r e are e ight d i s t r i c t s e a c h of w h i c h has a 
p o p u l a t i o n of m o r e than one mi l l i on , w h e r e a s t h e r e a re ten d i s t r i c t s 
w i t h m o r e than 3 mi l l i on p o p u l a t i o n . 
Shafiqullah (1997) "Regional Pattern of Work Participation and levels of Development in Uttar 
Pradesh", Unpublished Ph.D. Thesis, Department of Geography, A M U , Aligarh, p. 66. 
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P O P U L A T I O N D E N S I T Y 
O n e of the impor t an t i nd ices of p o p u l a t i o n c o n c e n t r a t i o n is 
the dens i t y of p o p u l a t i o n . It is d e f i n e d as the n u m b e r of p e r s o n s 
per s q . k m . The p o p u l a t i o n dens i t y has g o n e up f r o m 3 77 in 1981 to 
473 p e r s o n s in 1991, w h i c h is m o r e than one t i m e s the na t iona l 
a v e r a g e of 273 p e r s o n s per s q . k m . Ut ta r P r a d e s h , t h o u g h s t a n d i n g 
f i r s t in t e rms of p o p u l a t i o n and fou r th in t e r m s of a rea , c o m e s 
n in th in t e r m s of dens i ty . Wes t Benga l and K e r a l a are a b n o r m a l l y 
d e n s e l y p o p u l a t e d s ta tes wi th as h igh d e n s i t i e s as 767 and 749 
p e r s o n s per sq .km. r e s p e c t i v e l y . ' " The d i s t r i b u t i o n of dens i ty 
a m o n g d i s t r i c t s of the s t a t e s va r i e s f r o m 30 in U t t a r Kash i to 2390 
in K a n p u r . The wide v a r i a t i o n in dens i ty is the r e su l t of p h y s i c a l , 
soc ia l and h i s to r i ca l f a c t o r s . The dens i t y of p o p u l a t i o n is very high 
in the e a s t e r n and w e s t e r n d i s t r i c t s of U t t a r P r a d e s h and very low 
in the hil l d i s t r i c t s in n o r t h e r n zone and the h e a v y c o n c e n t r a t i o n of 
p o p u l a t i o n in d i s t r i c t s of the p l a in is idea l ly s u i t ed to a g r i c u l t u r e 
and p o s s e s s e s grea t p o t e n t i a l to sus t a in h e a v y dens i ty of 
p o p u l a t i o n . The high p r e s s u r e of p o p u l a t i o n in the s ta te e n s u r e s 
a m p l e s u p p l y of l abour , w h i c h may be t aken a d v a n t a g e of in a 
d e v e l o p i n g e c o n o m y , but it a l so r e q u i r e s m u c h l a r g e r e s o u r c e s for 
the e c o n o m y to g row fas t on a per c a p i t a b a s i s . I n f a c t fo r the 
g e n e r a l p a t t e r n of dens i t y d i s t r i b u t i o n , it has been r i gh t l y o b s e r v e d 
tha t " l o w d e n s i t i e s are a c c o u n t e d for by f o r e s t a r e a s , m o u n t a i n s 
and s w a m p y n a t u r e of l i t t le c u l t i v a b l e land and u r b a n c l ima te , 
Census of India (1991) Final Population Total Series-1, Papers 1 of 1992, vol 1, Ministry of Home 
Affairs, New Delhi, p.7. 
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w h i l e h igh dens i t i e s are f o u n d in p l a c e s wi th g o o d a l luv ia l land , 
h e a l t h y c l i m a t e and exce l l en t wa te r supp ly for a g r i c u l t u r e . ' ' 
G R O W T H O F P O P U L A T I O N 
T h e p o p u l a t i o n of Ind ia as r e c o r d e d at each d e c e n n i a l census 
f r o m 1901 has g r o w n s t ead i ly e x c e p t for a d e c r e a s e d u r i n g 1911-
1921. In a b s o l u t e t e rms the c o u n t r y ' s p o p u l a t i o n has i n c r e a s e d by 
160 .60 m i l l i o n du r ing the d e c a d e 1981-91 . Th i s a d d i t i o n is a lmos t 
e q u a l to the p o p u l a t i o n added d u r i n g t h r e e d e c a d e s 193 1 -41 , 1941-
51 and 1951-61. ' ' " The a b s o l u t e a d d i t i o n to the p o p u l a t i o n du r ing 
the d e c a d e 1981-91 is m o r e t han the to ta l p o p u l a t i o n of J apan . 
D e c a d a l g r o w t h of p o p u l a t i o n f rom 1 9 0 1 - 1 9 9 1 is s h o w n in t ab le 
1.6. An e n c o u r a g i n g f e a t u r e r e v e a l e d by the p r o v i s i o n a l r e su l t s is 
the d e c l i n e in g r o w t h ra te of the p o p u l a t i o n in the las t d e c a d e 
c o m p a r e d to 1971-81 . It m a r g i n a l l y d e c r e a s e d f r o m 2 4 . 6 6 pe r cen t 
r e c o r d e d in 1971-81 to 23 .85 p e r c e n t d u r i n g 1 9 8 1 - 9 1 . ' ' 
T h e g r o w t h of p o p u l a t i o n of the s t a t e has been s t ead i ly 
i n c r e a s i n g fo r a n u m b e r of d e c a d e s . T h e a v e r a g e i n c r e a s e du r ing 
1 9 8 1 - 9 1 d e c a d e a m o u n t e d to 2 5 . 4 8 p e r c e n t as c o m p a r e d to the 
a v e r a g e of 2 5 . 4 9 p e r c e n t d u r i n g the p r e c e d i n g d e c a d e , 1971-81 . 
Census of India (1971) Uttar Pradesh; A Portrait of Population, Ministry of Home Affaris, 
Government Press, New Delhi, 1973, p.22. 
"" Census of India (1961) Final Population Total, Paper 1 of 1962, Ministry of Home Affairs, New 
Delhi, p. 11. 
Census of India (1991), op.c i t .p , 19. 
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T a b l e 1.6 
C O M P A R A T I V E D E C E N N I A L P O P U L A T I O N G R O W T H 
U T T A R P R A D E S H A N D I N D I A - 1 9 0 1 - 1 9 9 1 ( P e r c e n t ) 
Y e a r U t t a r P r a d e s h I n d i a 
1 9 0 1 - 1 1 - 0 . 9 7 + 5 . 7 3 
1 9 1 1 - 2 1 - 3 . 0 8 - 0 . 3 1 
1 9 2 1 - 3 1 + 6 . 6 6 + 1 1 . 0 1 
1 9 3 1 - 4 1 + 1 3 . 5 7 + 1 4 . 2 2 
1 9 4 1 - 5 1 + 1 1 . 8 2 + 1 3 . 3 1 
1 9 5 1 - 6 1 + 1 6 . 6 6 2 1 . 5 0 
1 9 6 1 - 7 1 + 1 9 , 7 9 + 2 4 . 8 0 
1 9 7 1 - 8 1 + 2 5 . 4 9 + 2 4 . 6 6 
1 9 8 1 - 9 1 + 2 5 . 4 8 + 2 3 . 8 5 
S o u r c e : C e n s u s o f I n d i a 1 9 6 1 a n d 1 9 9 1 . 
T h e g r o w t h of p o p u l a t i o n in the s t a t e is by no means 
u n i f o r m l y d i s t r i b u t e d a m o n g the d i s t r i c t s . D u r i n g the las t decade 
( 1 9 8 1 - 9 1 ) the g r o w t h ra te va r i e s f r o m 4 6 . 7 2 p e r c e n t in G h a z i a b a d 
d i s t r i c t to 8.43 p e r c e n t r e g i s t e r e d in G h a r w a l d i s t r i c t . Wi th in this 
w i d e r a n g e of v a r i a t i o n as many as f o r t y of the s i x t y - t h r e e d i s t r i c t s 
r e c o r d e d g r o w t h ra tes less than the s t a t e s a v e r a g e s ( 2 5 . 4 8 pe rcen t ) . 
T h e d i s t r i c t s of ve ry low g r o w t h r a t e s are s c a t t e r e d over the 
e a s t e r n and n o r t h e r n pa r t s of the s t a t e . B r o a d l y , s p e a k i n g , the 
g r o w t h ra te have been g e n e r a l l y h igh in w e s t e r n pa r t and lov» in 
e a s t e r n pa r t . In f ac t , the ea s t e rn d i s t r i c t s c o n s t i t u t e a s i g n i f i c a n t 
r e g i o n of b e l o w the a v e r a g e w h e r e a s the w e s t e r n d i s t r i c t s fo rm a 
d i s t i n c t r e g i o n of a b o v e the a v e r a g e g r o w t h rate.'''^ 
Shafiqullha (1997) op.cit., 67-71. 
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1.4 E M E R G I N G P R O B L E M S OF U R B A N I S A T I O N IN INDIA 
U r b a n i s a t i o n is a m a j o r a n t h r o p o g e n i c f o r c e on e n v i r o n m e n t 
w h i c h b r ings grea t t r a n s f o r m a t i o n of l a n d s c a p e , energy use, 
e n v i r o n m e n t a l qua l i ty and human p o p u l a t i o n . M e t r o p o l i t a n r eg ions 
a l r e a d y pose not only se rve e n v i r o n m e n t a l p r o b l e m s l ike , po l lu t ion 
and c o n g e s t e d h o u s i n g but a lso b r ing in to s h a r p p r o m i n e n c e the 
p r o b l e m s of i n a d e q u a t e access to u r b a n b a s i c s e r v i c e s and 
i n f r a s t r u c t u r e f ac i l i t i e s . K e e p i n g t h e s e c i t i e s f u n c t i o n a l and 
s u s t a i n a b l e is an e n v i r o n m e n t a l c h a l l e n g e i n s p i t e of i n v e s t m e n t 
r e q u i r e m e n t s and c o n s t r a i n t s of a d m i n i s t r a t i v e and r egu la to ry 
c o n t r o l s . H i g h e r i n v e s t m e n t s have been m a d e on a pe r cap i t a bas is 
on u r b a n i n h a b i t a n t s as c o m p a r e d to rura l i n h a b i t a n t s . H o w e v e r , 
r e l a t i v e l y p r i v i l e g e d u rban p o p u l a t i o n has no t b e e n ab le to mee t 
i ts n e e d s . E f f e c t i v e u rban p l a n n i n g p o l i c i e s and p r a c t i c e s cou ld 
h e l p u r b a n p l a n n e r s and d e c i s i o n - m a k e r s to p r i o r i t i z e 
e n v i r o n m e n t a l p r o b l e m s and o the r po l i cy o p t i o n s in o rde r to meet 
e n v i r o n m e n t a l chal lenges . ' '^ 
1.4.1 URBANISATION AND POVERTY 
I n c r e a s i n g pove r ty is the b i g g e s t c h a l l e n g e to the 
m e t r o p o l i t a n e c o n o m i e s . The u r b a n p o o r l ines in J h u g g i - J h o n p a r i s 
f o r m i n g pa r t of s lums , loca ted on the u r b a n f r i n g e , o p e n s p a c e and 
g o v e r n m e n t land wi th in c i t i es and even on p a v e m e n t s of r oads in 
M u m b a i , D e l h i , C h e n n a i and C a l c u t t a . A c c o r d i n g to an e s t ima te 
t h e p e r c e n t a g e of poo r p o p u l a t i o n l i v ing in s l u m s is as h igh as 50 
Ramachandran, R. (1991) "Urbanisation and Urban Systems in India", Oxford University Press New 
Delhi, p .334 
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p e r c e n t in the larges t me t ropo l i t an c i t ies . As per g o v e r n m e n t 
e s t i m a t e , out of the total urban popu la t ion of 200 mi l l ions , more 
than 40 mi l l ion were urban poor on the bas is of pover ty l ine, which 
is f ixed in re la t ion to the min imum ca lor ic in take . 
The Urban Bas ic Se rv ices for the Poor ( U B S P ) p r o g r a m m e 
( 1 9 9 0 ) is a s t ra tegy , which p rov ides neces sa ry soc ia l i n f r a s t r u c t u r e 
and c o m m u n i t y i n v o l v e m e n t . With the suppor t of U N I C E F , the 
g o v e r n m e n t of India is p l ann ing va r ious bas ic s e r v i c e s to Urban 
poo r . The U B S P not only p r o v i d e s a sound c o m m u n i t y s t ruc tu re 
t h r o u g h wh ich c o m m u n i t y can pa r t i c ipa t e in p lan f o r m u l a t i o n , 
i m p l e m e n t a t i o n and m o n i t o r i n g but a lso p r o v i d e s a p l a t f o r m where 
all s ec to ra l p r o g r a m m e s can converge. '^ ' 
1.4.2 E N V I R O N M E N T A L C R I S I S IN M E G A C I T I E S 
The mega c i t ies of India o f f e r the wors t f o r m s of v i s ib l e 
pove r ty and e n v i r o n m e n t a l p r o b l e m s with the i r s lums , squa t t e r 
s e t t l e m e n t , wi th poor san i ta ry l iv ing c o n d i t i o n s , c h r o n i c sho r t age 
of s e rv i ce s , po l lu t ed air and wa te r , t r a f f i c c o n g e s t i o n and lack of 
open space . High leve ls of su spended p a r t i c u l a t e mat te r ( S P M ) 
have been r e c o r d e d in Delh i , H y d e r a b a d and K a n p u r , wh i l e 
s u l f e r d i o x i d e c o n c e n t r a t i o n s show a h igh f i g u r e in A h m e d a b a d and 
M u m b a i . I ndus t r i a l c i t ies such as Ca lcu t t a , Bh i l a i and J a m s h e d p u r 
are sever ly po l lu t ed due to v a r i o u s f ac to r s . 
T h e p r o b l e m s of air po l lu t i on is b e c o m i n g s e v e r e in Ind ian 
m e g a c i t i es l ike Ca l cu t t a , M u m b a i , De lh i and C h e n n a i . A high 
Sengupta, Arjun, (1994) "Slums Improvement Policies in India-Some Issues", Delhi Vikas Varta, 
Vo l .1 ,No .1 . 
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b a c k g r o u n d dust level du r ing cer ta in t imes of year agg rava t e s the 
p r o b l e m s . The var ious s tud ies c o n d u c t e d by Nat iona l 
E n v i r o n m e n t a l Eng inee r ing Research Ins t i tu t e ( N E E R I ) c o n f i r m s 
tha t l eve l s of SPM, s u l p h e r d i o x i d e s of n i t r o g e n in cer ta in mega 
• * 7 "" 8 c i t i e s e x c e e d p e r m i s s i b l e l i m i t s / ' '' 
T h e r e is a need to r e c o g n i s e cu l tu ra l iden t i ty in urban 
d e v e l o p m e n t p r o g r a m s by i nves t i ga t i ng the r e l a t i o n s h i p be tween 
the t r a d i t i o n s , ident i ty and a sp i r a t ion of i n d i v i d u a l c o m m u n i t i e s 
and the d e v e l o p m e n t of thei r urban e n v i r o n m e n t s . The urban 
c o n s e r v a t i o n and d e v e l o p m e n t p r o g r a m s f a c i l i t a t e urban 
t r a n s f o r m a t i o n w i thou t cu l tura l and e n v i r o n m e n t a l dis tor t ion. ' ' ' ' 
1.5 D E F I N I T I O N A L C H A N G E S A N D U R B A N C O N C E P T 
T H R O U G H T H E I N D I A N C E N S U S 
T h e p r o b l e m of d e f i n i n g the " U r b a n a r e a " has been a 
c o n t r o v e r s i a l one, and conse que n t l y a m a s s i v e l i t e r a t u r e has grown 
u p o n th is a spec t . Fac ing the same p r o b l e m the U n i t e d Na t ions 
( 1 9 5 5 ) c o n c l u d e d that " T h e r e is no po in t in the c o n t i n u u m f rom 
l a rge a g g l o m e r a t i o n to smal l c lus te r s or s c a t t e r e d d w e l l i n g s where 
u r b a n i t y d i s a p p e a r s and ru ra l i ty begins.'^'' This d e f i n i t i o n a l p rob lem 
has a l so c rep t in to the mind of the census c o m m i s s i o n e r s of India 
Singh, R.B. and Kumar B. (1992) "Spatial Dynamics of Green and Atmospher ic Quality in Indian 
Metropol is coping with Climatic Change", Third World Impact, August, p. 10-12. 
Singh, R.B. and Kumar B. (1994) "Spatial Variability of Anthropogenic Influence on Atmospheric 
Chemistry in Indian Mega-Cities:, Geographical Review of India. 
Singh, (1997) op. c i t . ,p .8 . 
"" United Nat ions (1955) Demographic Year book 1952, N e w York. 
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and a n u m b e r of t imes , some d i scus s ion on wha t shou ld be ca l led 
" U r b a n " have taken p lace . 
To a c o m m o n man, an urban cen t re is ba s i ca l l y a grea te r 
c o n c e n t r a t i o n of p o p u l a t i o n . Urban cen t res are u n i v e r s a l l y v iewed 
as la rger than thei r rural c o u n t e r p a r t s . Car te r ( 1 9 7 9 ) po in t s out that 
d i f f e r e n t c o u n t r i e s use d i f f e r e n t p o p u l a t i o n m i n i m a in d e f i n i n g an 
u rban cen t re d e p e n d i n g upon the d i f f e r e n t cu l t u r a l and e c o n o m i c 
s i t ua t i on involved. '^ ' Mi t ra (1977) g ives a c o m p r e h e n s i v e h i s to ry of 
the c e n s u s of Ind ia . A c c o r d i n g to him, the ea r l i e s t c e n s u s e s taken 
by the P o r t u g u e s e and the Br i t i she r s were not very accura te , 
t h o u g h these se rved s i g n i f i c a n t roles as r eco rds of the t ime when 
the co lon ia l rule was be ing f i rmly e s t a b l i s h e d in India . These 
c e n s u s e s were m o r e in the na tu r e of too ls tha t improved the 
e n c y c l o p e d i c k n o w l e d g e abou t the country. ' '^ T h e f i r s t ever re l iab le 
c o u n t i n g took p l ace in 1872. 
1872 & 1881 C E N S U S E S 
In the census of 1872, the sole c r i t e r ion fo r d e t e r m i n i n g a 
' "Town" was tha t such a s e t t l emen t shou ld h a v e at least 5 ,000 
i n h a b i t a n t s . I n the next census of 1881, the f o l l o w i n g d e f i n i t i o n 
was a d o p t e d , ' a t own is a co l l ec t i on of n u m e r o u s d w e l l i n g s near 
each o the r w i th in a l imi ted area , h a v i n g shops w h i c h p r o v i d e s a 
c o n t i n u a l open marke t fo r the supp ly of g o o d s , e spec i a l l y of 
Carter, H. (1979), "The Study of Urban Geography", Arnold Heinemann. 
Mitra, Ashok (1977). "The Census of India - Past and Future, in Populat ion Statistics in India", (eds.) 
Ashish Bose, Devendra B. Gupta, and Courishanker Roy Chaudhuri , Vikas Publishing, New Delhi. 
Lahiri, Kuntala (1988) "Some Thoughts on the Definition of the Urban Areas in the Census of 
India", Geographical Review of India Vol. 50, No. 1 March, p.64-70. 
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m a n u f a c t u r e d g o o d s / ' ' This was a h igh ly e l a s t i c d e f i n i t i o n . 
M o r e o v e r , the au thor i ty of se l ec t ion was le f t to the ind iv idua l 
d i s t r i c t o f f i c e r s . The resul t was a m a s s i v e r e d u c t i o n in the number 
of t o w n s : f rom 479 in the p r e v i o u s census of 1 872 it came down to 
only 227 in the 1881 census . 
1891 C E N S U S 
The genera l p r inc ip le s of 1891 census for d e f i n i n g the towns 
w e r e b road ly as fo l l ow: (a) The p o p u l a t i o n shou ld not be less than 
5 ,000 , r e s id ing in houses more or less c o n t i g u o u s , not in sca t te red 
c o l l e c t i o n as hamle t ; (b) The p lace , if not c o n t a i n i n g the above 
p o p u l a t i o n , should be under the ope ra t i on of s o m e munic ipa l or 
C h a u k i d a r i (po l i ce ) act ; (c) The p l ace t hough c o n t a i n i n g the above 
p o p u l a t i o n should be mere ly a large v i l l age , but shou ld have some 
d i s t inc t ly u rban cha rac te r , as that of a m a r k e t t o w n ; (d) Where a 
t o w n is made up of severa l d i s t inc t p o r t i o n each shou ld be shown 
s e p a r a t e l y as mun ic ipa l uni t s c ivi l s t a t i o n s , subu rbs and 
c a n t o n m e n t s etc.'^^ 
As a resu l t of these more s p e c i f i c c r i t e r i a , the total number 
of t o w n s inc reased to 2 ,035 and the u r b a n : ru ra l r a t io had b e c o m e 
1:9. 
Census of India (1881). "Report on the Census of the Madras Presidency", 1881 Chapter XV 
(discussing towns and final census tables No. XIX and XX) para. 720. 
Census of India, (1891) "Proceedings", Part 1 (Enumerat ion) Containing orders and general 
instruction upto the 30"' June 1890, No. XCVl , p. 34. 
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1901 i& 1911 C E N S U S E S 
The 1901 and 1911 adopted an even c l ea re r de f in i t i on of a 
t o w n . It i den t i f i ed the se t t l emen t s as u rban if they had the 
f o l l o w i n g q u a l i f i c a t i o n : (a) every m u n i c i p a l i t y of wha t ever s ize ; 
(b) all c ivi l l ines not inc luded wi th in m u n i c i p a l l imi t s ; (c) every 
c a n t o n m e n t ; and (d) every other c o n t i n u o u s c o l l e c t i o n of houses , 
p e r m a n e n t l y inhab i t ed by not less than , 5 ,000 , p e r s o n s , which the 
p r o v i s i o n a l census s u p e r i n t e n d e n t may dec ide to t rea t as a town for 
c e n s u s p u r p o s e . In the na t ive s ta te , w h e r e the re were no 
m u n i c i p a l i t i e s , this de f in i t i on had to be e x t e n s i v e l y applied. '" ' 
But the p rob l em of us ing a some what q u a l i t a t i v e ra ther than 
a q u a n t i t a t i v e app roach had a l ready come into the minds of some 
c e n s u s a d m i n i s t r a t o r s . The Uni ted P r o v i n c e s C o m m i s s i o n e r of 
1911 census , for example , sugges t ed that many p l a c e s wi th a 
p o p u l a t i o n of less than, 5000 had the d i s t inc t c h a r a c t e r i s t i c s of 
t o w n s , and tha t measu red by s u b j e c t i v e index , b e t w e e n 12 and 15 
p e r c e n t of the p o p u l a t i o n many have been u r b a n r a the r than the 9 
p e r c e n t usua l ly recongnised. '^^ 
1921 & 1931 C E N S U S E S 
In the next census year a lso, a town was d e f i n e d on the same 
l ines as in 1901 and 1911. Whi le the f i r s t t h r e e c o n d i t i o n in 
1 9 2 1 c e n s u s cover p l aces that are, as a ru le , of a m o r e or less u rban 
c h a r a c t e r , they wou ld not t h e m s e l v e s be en t i r e ly c o m p r e h e n s i v e . 
Census of India, (191 la), "Imperial Code of Census Procedure", Part 1 Enumerat ion, P. 5, Para 528, 
529. 
Census of India, (191 lb) Vol. XV, "United Provinces of Agra and Oudh" , Part I, Report , p. 23-32. 
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T h e r e b y , the four th cond i t ion renders p o s s i b l e the inc lus ion of 
o t h e r p laces which though they have not a t t a ined local self 
g o v e r n m e n t , st i l l posses urban c h a r a c t e r i s t i c s d i f f e r e n t i a t i n g them 
. • 4 ^ 
f r o m the la rger c lass of purely ag r i cu l tu ra l v i l l age . 
No r igid de f in i t i on of a city was p r e s c r i b e d , but towns of 
100 ,000 or more were ispo facto c l assed as c i t i e s . At the same t ime 
a l so i nc luded in this c lass were such o the r l a rge r t o w n s as the local 
g o v e r n m e n t s se lec ted as of s u f f i c i e n t i m p o r t a n c e to j u s t i f y the 
m o r e de t a i l ed p r e sen t a t i on of s t a t i s t i c s p r e s c r i b e d of c i t i e s . 
But in 1931 census in m a k i n g the d e c i s i o n on four th 
c o n d i t i o n the Supe r in t enden t of P r o v i n c i a l C e n s u s Opera t ion 
( S P C O ) was ins t ruc ted to take into c o n s i d e r a t i o n the cha rac te r of 
the p o p u l a t i o n , the re la t ive dens i ty of the d w e l l i n g s , i m p o r t a n c e in 
t r ade and h i s to r i c a s soc i a t i ons and to avo id t r e a t i n g as town over-
g r o w n v i l l age s wi thou t u rban c h a r a c t e r i s t i c s . T h e net e f f e c t of this 
d e f i n i t i o n was the total n u m b e r of t o w n s c a m e d o w n to a meager 
600 f r o m 1,040 of the p r e v i o u s census year. ' '^ 
1941 C E N S U S 
In the census of 1941, a town was d e f i n e d as a p lace of not 
less than 5 ,000 i nhab i t an t s p o s s e s s i n g d e f i n i t e urban 
c h a r a c t e r i s t i c s , l ike that in the p r e v i o u s c e n s u s e s . All 
m u n i c i p a l i t i e s and c a n t o n m e n t s w e r e i n c l u d e d as t owns . In 
p a r t i c u l a r cases , p laces wi th a p o p u l a t i o n of less than 5 ,000 were 
Census of India (1921) Vol. 1, "India", Part I, Report, p. 63, 64, para 41, 
Census of India (1931) Vol. I, "India", Part I, Report, p. 45, 46, para 37. 
3 0 
a l so t r ea t ed as a cen t re of t rade and o ther a m e n i t i e s were 
c o n s i d e r e d to be urban characteristic.^ '^ 
1951 C E N S U S 
In the census of 1951, the f i r s t in i n d e p e n d e n t India a 
s o m e w h a t m o r e r igid d e f i n i t i o n of a town was i n c o r p o r a t e d . A 
t o w n was d e f i n e d as a no rma l ly i nhab i t ed loca l i ty wi th a to ta l 
p o p u l a t i o n of not less than 5 ,000 pe r son , w h i l e p l a c e s wi th la rger 
p o p u l a t i o n but not p o s s e s s i n g d e f i n i t e u r b a n c h a r a c t e r i n c l u d i n g all 
m u n i c i p a l i t i e s and c a n t o n m e n t s and o ther c en t r e s h a v i n g local 
a d m i n i s t r a t i o n were to be t r ea ted as fu l l f l e d g e d t o w n s . The 
a u t h o r i t y of the dec i s ion res ts wi th s ta te g o v e r n m e n t and s ta te 
c e n s u s supe r in t enden t s . ^ ' 
For the f i r s t t ime in the h is tory of c e n s u s of Ind ia , all 
s t a t i s t i c s w e r e p r e s e n t e d sepa ra te ly for ru ra l and u r b a n a reas . 
1 9 6 1 & 1 9 7 1 C E N S U S E S 
In 1961 Census severa l s i g n i f i c a n t m o d i f i c a t i o n s w e r e made . 
An U r b a n p lace , a c c o r d i n g to the census , shou ld f i r s t be e i ther a 
m u n i c i p a l a rea or come under a town c o m m i t t e e or a n o t i f i e d area 
a u t h o r i t y c a n t o n m e n t boa rd . Second ly , to q u a l i f y as a town it 
s h o u l d h a v e : (a) a dens i ty of not less than 1,000 p e r s o n s pe r square 
m i l e (386 p e r s o n s pe r squa re k i l o m e t e r ) ; (b) a p o p u l a t i o n of 5 ,000 
and m o r e ; (c) t h r e e - f o u r t h of the w o r k i n g p o p u l a t i o n e n g a g e d in 
o c c u p a t i o n o ther than ag r i cu l t u r e ; and (d) the p l a c e s s h o u l d have a 
Census of India (1941) Vol. 1, "India", p. 55. 
Census of India (1951) Vol. 1, "India", Part II, "Demographic Tables" , p. 2. 
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few p r o n o u n c e d urban c h a r a c l c r i s l i c s , and a m e n i t i e s , l ike newly 
f o u n d e d indus t r ia l areas., large hous ing s e t t l e m e n t s , or p laces of 
tour i s t i m p o r t a n c e / 
The last of these cr i te r ia is, h o w e v e r , v a g u e and leaves some 
scope for sub j ec t i ve a s s e s s m e n t . N e v e r t h e l e s s , such a m a j o r 
c h a n g e in the m e t h o d o l o g y of d e f i n i n g a town had a great impact 
on the abso lu t e number of towns in 1961 and the n u m b e r came 
down to 2, 700 f rom 3,060 a r educ t ion of 360 tovvms. 
The census of 1971 a lso i n t r o d u c e d the concep t of the 
•"Standard Urban Area" . It was d e f i n e d as the p r o j e c t e d g rowth 
area of a city or town as it would be a f t e r 20 yea r s that is in 
1991.^'' This concep t takes into accoun t not only the towns and 
v i l l age s , which will in f u t u r e , merge into it but a lso the 
i n t e r v e n i n g area , which are po t en t i a l l y u rban . 
1981 & 1991 C E N S U S E S 
The census of 1981 has more or less r e t a ined the c r i t e r i a of 
the 1971 census . The f o l l o w i n g c r i t e r ia were a d o p t e d for t r ea t ing a 
p l ace as urban in the 1991 census : (a) all s t a tu to ry towns , i .e. all 
p l a c e s wi th a mun ic ipa l c o r p o r a t i o n , mun ic ipa l boa rd , c a n t o n m e n t 
boa rd or no t i f i ed town area , etc; (b) all o ther p l a c e s w h i c h sa t i s fy 
the f o l l o w i n g c r i t e r ia , (i) a m i n i m u m p o p u l a t i o n of 5 ,000 (i i) 75 
p e r c e n t of the male w o r k i n g p o p u l a t i o n e n g a g e d in non-
Census of India (1961) Vol. 1, "India", p. 4. 
Census of India, (1971), "General Population Tables", Series 1, Part IIA, (1), p.3. 
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agr i cu l tu ra l (and a l l ied) ac t iv i ty , and ( i i i ) a dens i ty of popu la t ion 
of at least 400 person per km" (1 ,000 per mi le") . 
A town with a popu la t ion of 100,000 and above was t rea ted 
as a ci ty. 
The urban cr i te r ion of 1991 was same as that for 1961. 1971 
and 1981. H o w e v e r , whe reas worke r s in o c c u p a t i o n s of f i sh ing , 
l i ves tock , hun t ing , logging , p l an t a t ion and o r c h a r d s , etc. ( f a l l i ng 
in indus t r ia l ca tegory HI) were t r ea ted as c o m i n g under non-
ag r i cu l tu ra l ac t iv i t i e s in 1961 and 1971 c e n s u s e s , whi le in the 
1981 census , these ac t iv i t i e s were t r ea ted as ag r i cu l t u r a l ac t iv i t i e s 
for the p u r p o s e of de t e rmine the male work p o p u l a t i o n in non-
ag r i cu l tu ra l ac t iv i t i e s . 
A rev iew of the changes in the w o r k i n g d e f i n i t i o n of the 
urban areas in pre and pos t i n d e p e n d e n c e pe r iod shows that the 
census admin i s t r a t i on have g radua l ly s h i f t e d t o w a r d s grea te r 
q u a n t i f i c a t i o n and ob jec t iv i ty . In the ear l ie r d e f i n i t i o n , there was 
much scope for s u b j e c t i v e a s s e s s m e n t . This e l e m e n t of s u b j e c t i v e l y 
has no largely been e l imina t ed . 
1.6. T H E CITY D E F I N E D 
The city is not mere ly an a g g r e g a t e of e c o n o m i c f u n c t i o n s . 
T h r o u g h o u t h is tory it has been c o n s i d e r e d as a sea t of ins t i tu t ions 
in the se rv ice of the peop l e of the c o u n t r y s i d e . In the words of 
Lewis M u m f o r d , "it is art , cu l tu re and p o l i t i c a l p u r p o s e , not 
Lahii i Kuntala (1988) "Some Thoughts on the Definition of the Urban Area.s in the Census of India" 
Geographical Review of India. Vol. 50, No. 1, March, p. 64-70. 
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n u m b e r s that d e f i n e a city".^^ T h e s e a c t i v i t i e s e c o n o m i c , cu l tu ra l 
and p o l i t i c a l - a r e s eg rega t ed at f ixed po in t s in space to s e rve the 
soc i e ty that ca l l s them into be ing . Th i s is the most e s sen t i a l 
p h e n o m e n o n of the g rowth and s t r u c t u r e of the u rban c o m m u n i t y , 
upon w h i c h all o ther g e n e r a l i s a t i o n of h y p o t h e s i s mus t be based . 
T h e r e is no c o n s i s t e n t d e f i n i t i o n of a c i ty . It is a town that 
e n j o y s a m e a s u r e of l e ade r sh ip a m o n g t o w n s . So the c o n c e p t of 
c i ty has been va r ious ly d e f i n e d and d e s c r i b e d , d e p e n d i n g upon the 
spec ia l i n t e r e s t s of the men i nvo lved . 
Geographers have v i e w e d the ci ty as a h u m a n i s e d l a n d s c a p e 
m a d e of s t r ee t s , b u i l d i n g s , w a t e r m a i n s , and o the r ma te r i a l 
a p p u r t e n a n c e , wh ich make city l i fe p o s s i b l e . T h e i r cen t r a l in te res t 
is the c o r r e l a t i o n b e t w e e n hab i t a t and the soc ia l f a c t o r . W h i l e the 
E c o n o m i c G e o g r a p h e r is c o n c e r n e d wi th the c i ty t r a d e a reas and 
the m a r k e t , the Phys ica l G e o g r a p h e r a n a l y s e s t h e p h y s i c a l c o n t r o l s 
and the u rban s i te . The E c o l o g i c a l G e o g r a p h e r c o n c e n t r a t e d upon 
the type of phys i ca l and i n s t i t u t i ona l f o r m a t i o n w h i c h a p p e a r in the 
ci ty as a resu l t of d o m i n a n t p r o c e s s e s , as we l l as the c h a r a c t e r of 
i n t e r d e p e n d e n c e of the ci ty wi th o the r a r ea s . T h u s the g e o g r a p h e r 
s t u d i e s b a s i c e l e m e n t a r y p r o b l e m s and m a k e s g e n e r a l i s a t i o n s 
c o n c e r n i n g c o n d i t i o n s of p r o d u c t i o n , t r a n s p o r t a t i o n and the l ike . 
Historians t end to v i ew the c i t y - s t a t e as a lega l en t i ty and 
r e f e r to t h e s e a g g l o m e r a t i o n s as c e n t r e s of c i v i l i s a t i o n . Political 
" Lewis Mumford , (1961), "The City in History", London, p. 125. 
"" Dickinson, Robert E. (1964), "City and Region-A Geographical Interpretation, London Routledge 
and Keaan Pau l i td . P. 19-20. 
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Scientists p e r c e i v e the city as a form of p o l i t i c a l o r g a n i s a t i o n , as a 
loca le of pub l i c s e rv i ce s and have m e a s u r e d the deg ree of 
e f f i c i e n c y and d e m o c r a c y the re in. Economists v i e w the city an 
a g e n c y of e c o n o m i c e n t e r p r i s e . A Sociologist i n v e s t i g a t e s the 
f a c t o r s r e l a t i n g to the c o n d u c t of men l i v ing c o l l e c t i v e l y , it is 
c o n c e r n e d wi th p e o p l e as h a v i n g a c o m m o n out look.^^ 
It is appa ren t that t he re are t h ree a s p e c t s to the n a t u r e of a 
c i ty . It has d i s t i n c t i v e f u n c t i o n , it h a s d i s t i n c t i v e f o r m or phys i ca l 
s t r u c t u r e and it has, in v a r y i n g w a y s and d e g r e e s , d i s t i n c t i v e 
m o d e s of a rea ! a r r a n g e m e n t s and o r g a n i s a t i o n s . 
F i r s t , the f u n c t i o n of the ci ty t h r o u g h o u t its h i s to ry have 
b e e n t h r e e f o l d - cu l tu ra l , a d m i n i s t r a t i v e and e c o n o m i c . The second 
d i s t i n c t i v e f e a t u r e of u rban c e n t r e and e s p e c i a l l y of c i ty , is that its 
f u n c t i o n arc r e f l e c t e d in its d i s t i n c t i v e b u i l d i n g f o r m s . T h e s e 
c o m p r i s e s both the i n d i v i d u a l b u i l d i n g s and the way in w h i c h they 
a re g r o u p e d t oge the r to g ive a d i s t i n c t g r o u p e d - p l a n and bu i ld to 
the c i ty . The thi rd a spec t of the ci ty tha t ca l l s fo r s p e c i a l e m p h a s i s 
may be ca l l ed its o r g a n i s a t i o n s . T h e r e is a n a t u r a l t e n d e n c y for 
i n s t i t u t i o n s and r e s i d e n c e s to a r r a n g e t h e m s e l v e s in s e p a r a t e 
d i s t i n c t , be they s e g r e g a t i o n of c r a f t s or as m a r k e t c e n t r e s , or of 
e t h n i c g r o u p s in s e p a r a t e s ec to r s . 
The m o d e r n i ndus t r i a l ci ty is e s s e n t i a l l y c o m p a c t and has 
g r o w n out of sca le , u n l i k e the h i s t o r i c c i ty . The spa t ia l 
o r g a n i z a t i o n of the ci ty i n v o l v e s s o m e m e a s u r e of p u b l i c con t ro l or 
r e s p o n s i b i l i t y that may a f f e c t the w h o l e or the p a r t s of the ci ty. 
Ericksen, E. Gordon, (1954), "Urban Behavior", The MacMil lan Company, New York, p. 110-114. 
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T h e r e is the role of p ro tec t ion f rom d i sease , f i re and f lood ; the 
m a i n t e n a n c e of law and order ; the p rov i s ion of pub l i c ins t i tu te etc. 
One of the g rea tes t p rob l ems of the m o d e r n city is the 
e s t a b l i s h m e n t of new fo rms of o r g a n i z a t i o n to cope with the 
p r o b l e m s of l iv ing in vast n u m b e r s over e x t e n s i v e u rban i sed area. 
T r a n s p o r t is e ssen t ia l to the g rowth , f u n c t i o n i n g and o rgan i za t i on 
of c i t i e s . All these ac t iv i t i e s are e s sen t i a l ly d e p e n d e n t on the 
m o v e m e n t of food and ma te r i a l s into the city and the expor t of its 
g o o d s and se rv ices . This pe rmi t t ed the e x p a n s i o n over la rge areas 
of g rea t ly ex t ended means of access wi th r e d u c e d t ime and cost in 
g e t t i n g f r o m one p lace to another.^^ 
T h e s e c i r c u m s t a n c e s are r e f l e c t e d in the e x p a n s i o n of the 
ci ty and the d e v e l o p m e n t of U R B A N S P R A W L . We are thus 
w i t n e s s i n g not only u rban sp rawl but a l so h a p h a z a r d and 
u n s y s t e m a t i c g rowth or an U R B A N E X P L O S I O N w h e r e b y urban 
l a n d u s e is be ing d i spe r sed over w ide a reas . So a sys t ema t i c 
p l a n n i n g of the city is necessa ry to cope the e x p a n d i n g d e m a n d s of 
the ci ty. 
1.7 M O R P H O L O G I C A L F E A T U R E S OF T H E C I T I E S 
M o s t of the u rban s tud ies deal wi th the a n a t o m i c a l s t ruc tu re 
or the m o r p h o l o g y of town and c i t ies . The f o r m s and f u n c t i o n s are 
the two b road a spec t s of u rban m o r p h o l o g y i n t i m a t e l y re la ted to 
each o the r . 
U r b a n fo rm is the c o n s e q u e n t of the i n t e r a c t i o n be tween the 
f a c t s r e s p o n s i b l e for the phys ica l s e t t i ng and t hose for the 
^^  Dickinson , op. cit., p. 21-25. 
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a r r a n g e m e n t of spaces and b u i l d i n g s . A t r e a t m e n t of u rban form 
e n v i s a g e s the s tudy of the urban g r o u n d p lan and layout of its 
r o a d s and s t r ee t s . The plan of an u rban c e n t r e is usua l ly not 
c h a n g e d but s l igh t ly unde r the i n f l u e n c e of the t o p o g r a p h i c and 
h i s t o r i c a l c o n d i t i o n s , s u r r o u n d i n g s e t t l e m e n t , r a i l w a y s and va r ious 
o the r m e a n s of t r a n s p o r t . O b v i o u s l y the g r o u n d p lan is i t se l f an 
e x p a n s i o n of the impac t s of v a r i o u s t o p o g r a p h i c a l h i s t o r i c a l and 
c u l t u r a l p h e n o m e n a on the u rban c e n t r e . T h i s is w h y D i c k i n s o n 
a t t a c h e s i m m e n s e i m p o r t a n c e to it and r e m a r k s " . 'Tt is to the 
g r o u n d p l an tha t one s h o u l d turn fo r the b a s i c s of a m o r p h o l o g i c a l 
t r e a t m e n t of t o w n s , r a the r than to the s i te or a r c h i t e c t u r a l s ty le . 
For a c o m p r e h e n s i v e a p p r o a c h to the m o r p h o l o g i c a l c h a r a c t e r of a 
t o w n , it is at f i r s t to be a s c e r t a i n e d w h a t is the n a t u r e of the 
g r o u n d p l a n . A r egu l a r p lan h e l p s the l ayou t of r e g u l a r r oads and 
s t r e e t s g i v i n g b i r th to v a r i o u s d o m i n a n t f o c a l p o i n t s , wh ich 
f a c i l i t a t e the cu l tu ra l a d v a n c e m e n t s . 
The o the r s i g n i f i c a n t a s pec t of the m o r p h o l o g i c a l t r e a t m e n t 
of an u r b a n cen t r e is the s tudy of its f u n c t i o n s . E v e n a ci ty or town 
has a d i s t i n g u i s h a b l e spa t i a l o rde r of u r b a n a c t i v i t i e s . D i f f e r e n t 
p a r t s of a p l a n n e d ci ty are a s s i g n e d to d i f f e r e n t a c t i v i t i e s . Each 
p a r t p r e d o m i n a t e s in one f u n c t i o n or the o t h e r . The d i f f e r e n t 
f u n c t i o n a l a rea wi th its s e p a r a b l e c h a r a c t e r i n t e g r a t e s to f o r m an 
u r b a n c o m p l e x . A ci ty or t o w n is t h e r e f o r e , an i n t e g r a t e d w h o l e of 
' ' Dickinson, R.E. (1945), "The Morphology of Medieval German Towns" , Geographical Review, Vol. 
10, p. 74-99. 
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c o m m e r c i a l , r e s i d e n t i a l , a d m i n i s t r a t i v e and v a r i o u s o the r 
f u n c t i o n a l a r e a s / ' " 
The f u n c t i o n s of a ci ty are of va r i ed t y p e s . P u r d o m , ( 1 9 4 9 ) 
has been ab le to i d e n t i f y seven p r i m a r y f u n c t i o n s . " T h e f u n c t i o n 
b e i n g s e v e n that the city shou ld be a d w e l l i n g p l a c e , a w o r k i n g 
p l a c e , a f o c u s of c o m m u n i c a t i o n , a c e n t r e of ar t and s c i e n c e , a seat 
of g o v e r n m e n t , a means of soc ia l i n t e r c o u r s e and a t e m p l e of 
r e l i g i o n " . T h e s e f u n c t i o n s are a s s i g n e d to d i f f e r e n t pa r t s of a 
citv.^" 
J 
The f u n c t i o n a l area may a lso be c a l l e d a s o c i o - e c o n o m i c 
r e g i o n w i t h i n a c i ty . Its s tudy is of p a r a m o u n t i m p o r t a n c e in any 
g e o g r a p h i c a l a n a l y s e s of u rban m o r p h o l o g y . T h e c l a s s i f i c a t i o n of 
n a t u r a l a rea is based on the r e c o g n i t i o n of the l and use pa t t e rn and 
the a n a l y s i s o f s o c i o - e c o n o m i c s t r u c t u r e . W i t h s u c h a bas i s of 
c l a s s i f i c a t i o n we may r e c o g n i s e the i n d u s t r i a l b e l t s , s h o p p i n g 
a r e a s , r e s i d e n t i a l q u a r t e r s and the l ike . In f a c t , the f u n c t i o n a l 
a n a l y s i s e x p r e s s e s the in te rna l s t r u c t u r e of t h e city wi th best 
r e g a r d s to the land use. 
T h e s i g n i f i c a n c e of f u n c t i o n a l a rea m a y no t be o v e r l o o k e d . 
D i c k i n s o n a t t a c h e d m u c h i m p o r t a n c e to f u n c t i o n s . In his w o r d s , 
t he d e f i n i t i o n of an u rban s e t t l e m e n t is f u n d a m e n t a l l y a q u e s t i o n of 
f u n c t i o n and not of p o p u l a t i o n . F u r t h e r , t he u r b a n s t a tu s of a town 
^^  Rizvi, S.Q.A. (1958), "A Survey of Urban Geography", The Geography, Vol. 10, p. 35-38. 
Purdom, C.B. (1949) "The Building of Satellite Towns", Part 1, Chapte r l London, p.8. 
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d e p e n d s on the cha rac t e r and var ie ty of the f u n c t i o n wi th which it 
is endowed/ ' ^ 
In the cou r se of u rban d e v e l o p m e n t ce r t a in par t s of the 
f u n c t i o n a l a rea b e c o m e seg rega t ed wh i l e o t h e r s are b rough t in 
c lo se con tac t . Such a d i f f e r e n t i a t i o n e v o l v e s a l m o s t s p o n t a n e o u s l y . 
T h e p roces s of s eg rega t ion and a s soc i a t i on b r i ngs a b o u t c h a n g e s in 
the ex ten t and the m a g n i t u d e s of i n f l u e n c e of the f u n c t i o n a l or 
n a t u r a l areas wi th in the ci ty. This p r o c e s s be ing a pa r t and parce l 
of u rban g rowth makes e f f e c t i v e c h a n g e s in the en t i r e urban 
l a n d s c a p e or t o w n s c a p e . 
The f u n c t i o n s of u rban cen t re d e v e l o p as the foci of soc ia l , 
e c o n o m i c , a d m i n i s t r a t i v e and cu l tu ra l i n t e g r a t i o n . The 
d e v e l o p m e n t of these fo r ce s he lps the g r o w t h of the en t i r e ci ty.^ ' 
1.8 F U N C T I O N A L C H A R A C T E R OF C I T Y A N D ITS L A N D 
USE 
Man t r ansac t s the land use for d i f f e r e n t p u r p o s e s in d i f f e r e n t 
pa r t s of the ci ty. S tore house s , f a c t o r i e s and a p a r t m e n t s are not 
sp r ink l ed u b i q u i t o u s l y t h r o u g h o u t the ci ty. A r e a s tend to be 
s p e c i a l i s e d . 
As soon as a hamle t beg ins to g row seve ra l ru les beg in to set 
the hab i ta l c o m p o n e n t s . A p roces s of s e p a r a t i o n b e t w e e n the 
c o m m e r c i a l and r e s iden t i a l area sets in and the c o n c e n t r a t i o n of 
Dickinson, R.E. (1932) "The Distribution and Functions of the Smaller Urban Settlement", East 
Anglia Geography, No. 95, Vol. XVII, March, p.20. 
63 Rizvi, (1958) op.cit., p. 39-49. 
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b u s i n e s s e s t a b l i s h m e n l g ives r ise to a c o m m e r c i a l co re . With in that 
co re s t r u c t u r e s are b u i l t o v e r c lose t o g e t h e r . F u r t h e r g r o w t h usua l ly 
b r ings the d e v e l o p m e n t of d i s t inc t i n d u s t r i a l z o n e s and ce r ta in 
t y p e s of r e s iden t i a l a reas as we l l . 
1.8.1 C O M M E R C I A L A R E A 
T h e r e are at leas t four p r i n c i p a l t y p e s of c o m m e r c i a l land 
u se s in l a rge and m e d i u m s ize c i t i e s . 
(i) C e n t r a l i s e d C o m m e r c i a l A r e a - T h e C B D : C e n t r a l i s e d 
c o m m e r c i a l a reas are c lu s t e r s of d i v e r s e b u s i n e s s e s t a b l i s h m e n t s 
u s u a l l y at i n t e r s e c t i o n s of m a j o r t h o r o u g h f a r e s . T h e e x a m p l e of 
s u c h an a rea is the C e n t r a l B u s i n e s s D i s t r i c t . The land use 
i n t e n s i t y in the core a rea is s t rong ly i n f l u e n c e d by the r en ta l va lue 
of the land w h i c h in turn is i n f l u e n c e d by its a c c e s s i b i l i t y . 
T h e C B D is the e c o n o m i c hea r t of n e a r l y eve ry c i ty . The re 
may be e x c e p t i o n s but the vas t m a j o r i t y of s e r v i c e c e n t r e s have 
g r o w n a r o u n d a r e t a i l - t r a d i n g d i s t r i c t . C e r t a i n c h a r a c t e r i s t i c s of 
C B D are we l l k n o w n : the g r e a t e s t c o n c e n t r a t i o n of s to re in town, 
the g r e a t e s t c o n c e n t r a t i o n of o f f i c e and s e r v i c e s ( m e d i c a l , 
i n s u r a n c e , b a n k i n g ) , the mos t e x p a n s i v e l and and the h ighes t 
v e r t i c a l g r o w t h of b u i l d i n g s ; g r o u n d f l o o r s a re o f t e n g iven over to 
r e t a i l i n g , u p p e r l eve l s to o f f i c e s or m a n u f a c t u r i n g . In the C B D ' s of 
sma l l and m e d i u m s e t t l e m e n t such as A l i g a r h , s e c o n d f l o o r s are 
o f t e n pu t to r e s i d e n t i a l use . The e d g e of the C B D is a t r a n s i t i o n a l 
z o n e , w h i c h is not a sha rp l ine of d e m a r c a t i o n . 
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( i i ) C o m m e r c i a l Str ips : C o m m e r c i a l s t r i p s , s o m e t i m e ca l led 
c o m m e r c i a l r i b b o n s , are c o m p o s e d of s to re and s e r v i c e s s t rung 
a l o n g the main t h o r o u g h f a r e . Usua l ly s t r ips are only one b lock 
w i d e , wi th r e s iden t i a l p r o p e r t y (or land g i v e n o v e r to some other 
use ) c o m i n g r igh t up to the rear of each b u s i n e s s t r ac t . With few 
e x c e p t i o n s , c o m m e r c i a l s t r ips d e v e l o p a l o n g the t r a f f i c a r t e r i e s 
r a d i a t i n g out f r o m the C B D . But the g e n e r a l c o n s e n s u s of expe r t s 
t o d a y fo r c o m m e r c i a l s t r ips be s e p a r a t e d in to d i f f e r e n t a r t e r i e s and 
tha t b u s i n e s s , r a the r than be ing s t rung out in a r i b b o n s eve ra l mi les 
l ong , s h o u l d be b u n c h e d t o g e t h e r so tha t c u s t o m e r s w o u l d be able 
to r e a c h t h e m more eas i ly . 
( i i i ) D i s p e r s e d B u s i n e s s : Lone g r o c e r y s h o p s or d r u g s tores 
s p r i n k l e d t h r o u g h o u t the o lde r p o r t i o n s of c i t i e s are d i spe r sed 
b u s i n e s s e s . They are v/ i thin w o r k i n g d i s t a n c e fo r c u s t o m e r s . The 
on ly k ind of b u s i n e s s e s in such m i n u t e c o m m e r c i a l d e v e l o p m e n t s 
a re t h o s e tha t mee t the da i ly n e e d s of p e o p l e . But wi th the 
m o t o r i z e d t r a n s p o r t a t i o n sys t em, p e o p l e c o u l d d r ive to s to res 
l o c a t e d m u c h f a r t h e r : this d e v e l o p m e n t c o u p l e d wi th a pub l i c 
d e m a n d fo r pu re ly r e s iden t i a l a rea of c o m m e r c i a l z o n i n g , has led 
to the p r o h i b i t i o n of d i s p e r s e d b u s i n e s s in n e w r e g i o n s w i t h i n mos t 
c i t i e s . 
( iv ) S h o p p i n g C e n t r e : The new look in u r b a n d e v e l o p m e n t cal ls 
a way to s h o p p i n g cen t r e s . W h e r e a s the o t h e r t y p e s of c o m m e r c i a l 
a r e a s s p r u n g up at r a n d o m , s h o p p i n g c e n t r e s a re p l a n n e d in 
a d v a n c e . The o b j e c t i v e is to e s t a b l i s h in o u t l y i n g a r e a s in such a 
w a y tha t the a d v a n t a g e s of C B D ' s can be e n j o y e d . A c c o r d i n g l y , a 
l a rge va r i e ty of s to res are b r o u g h t c l o s e t o g e t h e r so tha t , in one 
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S t o p a c u s t o m e r c a n m a k e m a n y p u r c h a s e s . S u c h c e n t r e s o c c u r 
e i t h e r n e a r i n t e r s e c t i o n s o f m a i n a r t e r i e s , o r a t a m a j o r c o m m u t e 
s t a t i o n . 
N u m e r o u s o u t l y i n g b u s i n e s s d i s t r i c t s do not fa l l c lea r ly into 
any of the f o r e g o i n g c a t e g o r i e s ; n e v e r t h e l e s s , on c l o s e r i n s p e c t i o n , 
they usua l ly turn out e i the r of a c e n t r a l i s e d c o m m e r c i a l a rea , a 
c o m m e r c i a l r i b b o n , a d i s p e r s e d e s t a b l i s h m e n t , or a s h o p p i n g 
c e n t r e . 
1 .8 .2 I N D U S T R I A L A R E A S 
I n d u s t r y in mos t c i t i es i n c l u d e s bo th the w h o l e s a l i n g and 
m a n u f a c t u r i n g . With the C B D t h e r e o f t e n a re c o n s i d e r a b l e 
m a n u f a c t u r i n g and s o m e w h o l e s a l i n g of l ight i t e m s on the uppe r 
f l o o r of c o m m e r c i a l b u i l d i n g s . The a d v a n t a g e of the l o c a t i o n for 
i n d u s t r y is p r o x i m i t y to l abor . 
E l s e w h e r e , i ndus t r i a l use is u sua l ly r e l a t e d to one or m o r e of 
the f o l l o w i n g : 
(a) A c c e s s to t r a n s p o r t a t i o n ( cana l , r a i l w a y or h i g h w a y ) for 
m o v i n g i n b o u n d raw m a t e r i a l s and o u t b o u n d p r o d u c t s . 
(b) R e l a t i v e l y c h e a p l abor . 
In s o m e c i t i e s , s w a m p s or va l l ey b o t t o m s are o f t e n f i l l e d and 
d e v o t e d to i n d u s t r i a l u se s . 
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1.8.3 R E S I D E N T I A L USES 
We can usual ly f ind two broad r e s iden t i a l r eg ions on a land 
use map of a ci ty. Mul t ip l e f ami ly h o u s i n g ( s t r u c t u r e s co r re l a t e 
c lose ly wi th the zone of m a x i m u m p o p u l a t i o n dens i t y . The unit 
ren ts here are ra ther low but the n u m b e r of a p a r t m e n t s are o f t en so 
higli that the renta l i ncome per house is g rea t . M u l t i p l e h o u s i n g 
t rac t s are b e c o m i n g c o m m o n now in ou t ly ing a reas , too. 
A n y o n e bu i l d ing a s i n g l e - f a m i l y h o u s e t ends to avoid the 
C B D , the indus t r ia l a reas and the m u l t i p l e - h o u s i n g area.*''' 
1.9 CITY S P R A W L 
U r b a n se t t l emen t s g row in area as a c o n s e q u e n c e of g rowth 
of urban p o p u l a t i o n . In the case of smal l and m e d i u m urban 
s e t t l e m e n t s such as A l iga rh . the pa t t e rn of u rban sp rawl are s imple . 
In i t i a l ly it is the in f i l l i ng of the le f t spaces in the core of the 
s e t t l e m e n t , and then by ex t ens ion of bui l t up a rea and u rban land 
use into the a d j o i n i n g rural a reas . In the core , bo th p o p u l a t i o n and 
h o u s i n g dens i t i e s inc rease with c o n s e q u e n t i n c r e a s e in conges t i on , 
bo th g round and house c o n g e s t i o n . In the in i t ia l s t age , the pa t te rn 
of sp rawl is concen t r i c if the nuc l eus of the co re ( w h o l e s a l e marke t 
or t e m p l e or an indus t ry ) has a c en t r i pe t a l pul l Even here the 
c o n v e r g i n g ar te r ia l t r anspo r t rou tes on the t r ans i t ma in routes 
p a s s i n g t h r o u g h the town p r o m o t e g rowth and than the la tera l or 
s e c o n d a r y rou te s pul l the g rowth t o w a r d s t h e m . G r o w t h of 
f a c t o r i e s and r e s iden t i a l c o l o n i z a t i o n in the p e r i p h e r y of the town 
Alexander, John W. and Lay James Gibson. (1979), "Economic Geography" , Prentice Hall of India 
Private Ltd , p. 409-416. 
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i n i t i a t e e x t e n s i v e g rowth a l o n g w i t h i n t e n s i v e in f i l l i ng in the eore . 
With the e x t e n s i v e and o u t w a r d s g r o w t h , the v i l l a g e s in the 
p e r i p h e r y are a p p r o a c h e d by the town a rea t h r o u g h its e x t e n s i o n 
and get f i na l l y a b s o r b e d in the t own , t r a n s f o r m i n g both rural 
l a n d u s e and o c c u p a t i o n s in to urban l a n d u s e and u r b a n o c c u p a t i o n . 
In the case of a sma l l e r t own the sp rawl is l im i t ed to the rural 
p e r i p h e r y of the t o w n . But in the case of c i t i e s , the s p r a w l t akes on 
the sca l e of h a p h a z a r d phys i ca l e x p l o s i o n . R e s i d e n t i a l c o l o n i e s , 
i n d u s t r i a l and p u b l i c and semi p u b l i c i n s t i t u t i o n s p r o m o t e u rban 
s p r a w l in the rura l p e r i p h e r y . One of the c o n s e q u e n c e s of urban 
s p r a w l in to a rura l p e r i p h e r y is the u n a v o i d a b l e loss of c u l t i v a t e d 
1 a n d. 
In th is way sprawl is the u n p l a n n e d e x t e n s i o n of r e l a t ive ly 
low dens i ty u r b a n land uses into ru ra l a r ea s , u s u a l l y a l o n g s i d e 
ma in roads . It imp l i e s l i t t le con t ro l of land s u b d i v i s i o n , so that the 
c o n v e r s i o n of p lo t s fo r u rban uses may c r e a t e e n c l a v e s of 
a g r i c u l t u r a l land.'"'' 
Rao, op cit., p, 21. 
Johnston et. al, op. cit 
Chapter - II 
N A T U R E O F T H E P R O B L E M A N D R E V I E W 
L I T E R A T U R E 
A l t h o u g h the expans ion of urban area is a g loba l p rob l em, it 
is p a r t i c u l a r l y grave in the d e v e l o p i n g c o u n t r i e s w h e r e the ra te of 
u rban g r o w t h is much h igher than in the d e v e l o p e d coun t r i e s . 
M a n y u rban cen t res s i tua ted in d e v e l o p i n g c o u n t r i e s have a l ready 
c r o s s e d the p e r m i s s i b l e l imits of g rowth and, t h e r e f o r e , endu re 
l imi t ed acces s to meager urban se rv ices , w h i c h are shared by the 
l a rge pa r t s of the city popu l a t i on . R e s u l t a n t l y , the re has been 
w o r l d w i d e conce rn about the u rban g rowth s ince the last two 
d e c a d e s . M a n y e n v i r o n m e n t a l i s t , s c i en t i s t s , p l a n n e r s and 
r e s e a r c h e r s have expres sed thei r op in ion in j o u r n a l s , books and 
c o n f e r e n c e s . Dr . Shun j i Musa i (1996) p r e s i d e n t of ISPRS 
( I n t e r n a t i o n a l Socie ty of P h o t o g r a m m e t r y and R e m o t e Sens ing) , 
U n i v e r s i t y of Tokyo , exp res sed his op in ion in ISU 96 summer 
s e s s i o n , as " Immig ra t i on into big c i t ies has been a cr i t ica l 
t r a n s i t i o n in the 20th century b e c a u s e of over d e v e l o p m e n t and 
i n d u s t r i a l i z a t i o n and po l lu t ion a c c o r d i n g l y . U r b a n e n v i r o n m e n t 
wi l l be m a i n t a i n e d very wel l wi th p o p u l a t i o n dens i t y of 50 pe r sons 
pe r h e c t a r e , and wi th over 200 p e r s o n s per h e c t a r e wi l l p r o d u c e a 
c o n c r e t e j u n g l e . Popu l a t i on of a city s h o u l d be less than 0.5 
mi l l i on for c o m f o r t a b l e e n v i r o n m e n t , w h i l e over 10 mi l l i on would 
be aga ins t h u m a n i t y wi th lot of i n c o n v e n i e n c e and p o l l u t i o n " ' Dr. 
' Musai Shunji , (1996) "The Role of Remote Sensing in Developing World" , ISU 96, Summer Session, 
Vienna, Austria. 
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S h u n j i ' s o p i n i o n is very r e m a r k a b l e b e c a u s e if a city cou ld be 
d e v e l o p e d as he m e n t i o n e d it shou ld have less e n v i r o n m e n t a l 
p o l l u t i o n and less i n c o n v e n i e n c e . 
T h e rap id u r b a n i s a t i o n , g e n e r a l l y in the d e v e l o p i n g 
c o u n t r i e s , is a g rea t p r o b l e m for the g o v e r n m e n t . M a n y 
g o v e r n m e n t s of the d e v e l o p i n g c o u n t r i e s h a v e f a i l e d to de l i ve r 
u r b a n f a c i l i t i e s for city p e o p l e . Di rk B o l t , D e p a r t m e n t of Land 
R e s o u r c e and U r b a n Sc i ence ITC, the N e t h e r l a n d s w r o t e in his 
a r t i c l e , " A n U r b a n C o m m u n i t y S t r a t egy f o r I m p l e m e n t a t i o n , 
D e c e n t r a l i z a t i o n and D e v a l u a t i o n P o l i c i e s " , has w r i t t e n that 
b i a s e d u rban i n f r a s t r u c t u r e is not w i t h i n a c c e s s of m i l l i o n upon 
m i l l i o n of p e o p l e . One qua r t e r of the w o r l d ' s P o p u l a t i o n now l ives 
in c o n d i t i o n s of u r b a n p o v e r t y " . 
M i g r a t i o n f r o m rura l a reas or sma l l t o w n s to ci ty c r ea t e s 
p r o b l e m s to u r b a n p l a n n e r s for the f o r m u l a t i o n of u r b a n 
d e v e l o p m e n t p l a n s of f u t u r e g e n e r a t i o n s . A p l a n n e r cou ld not be 
ab le to p r e d i c t h o w many p e o p l e w o u l d m i g r a t e to ci ty f r o m 
o u t s i d e in c o m i n g yea r s . M i g r a t i o n of p e o p l e f r o m v i l l a g e s or 
s m a l l t o w n s to ci ty d e p e n d s on e c o n o m i c c o n d i t i o n of p e o p l e and 
p o p u l a t i o n g r o w t h . So Di rk Bol t has w r i t t e n tha t : " U r b a n i s a t i o n is 
g e n e r a l l y c o n s i d e r e d to be f a i l e d by u r b a n g r o w t h and 
i m m i g r a t i o n s . In tu rn i m m i g r a t i o n by u r b a n p o p u l a t i o n is 
c o n s i d e r e d to have p u s h and pu l l f a c t o r s . T h e c h a n g e s for 
p r o s p e r i t y ( i .e . lack of r e s o u r c e s ) p u s h t h e m a w a y f o r ru ra l a reas . 
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But t he se f ac to r s a lways ex is t in c i t i es and have been t a rge t of 
n i i g r a t i on f rom the b e g i n n i n g of h u m a n cu l t u r e " . " 
The g r o w t h of any u rban a rea is d e p e n d e n t on many f a c t o r s , 
n a m e l y the qua l i ty of l and , a c c e s s i b i l i t y , i n d u s t r i a l d e v e l o p m e n t 
and so on. The g r o w t h of an u rban area m a n i f e s t s i t s e l f in d i f f e r e n t 
w a y s such as (a) p h y s i c a l e x p a n s i o n of the u r b a n a r ea s , w h e r e i n 
m o r e land c o m e s unde r u rban use , (b) i n c r e a s e d u r b a n p o p u l a t i o n 
r e s u l t i n g in d i f f e r e n t dens i t y p a t t e r n , and (c) i n c r e a s e d 
d e v e l o p m e n t a c t i v i t i e s in t e r m s of i n d u s t r y , s e r v i c e s , r e s i d e n t i a l 
and c o m m e r c i a l ac t iv i ty e tc . B a s i c a l l y th i s d e t e r m i n e s the qua l i t y 
of l i f e in the u rban e n v i r o n m e n t and is a m a j o r f a c t o r why p e o p l e 
a t t r a c t e d to the u rban a reas . H o w e v e r , t he r e l a t i o n b e t w e e n the 
p o p u l a t i o n and the d e v e l o p m e n t has been cyc l i c and m u t u a l as an 
i n c r e a s e in each of t he se r e su l t s in an i n c r e a s e in the o the r . The 
t ime ly a c c u r a t e and r e p e t i t i v e da ta on p h y s i c a l g r o w t h p a t t e r n and 
d e v e l o p m e n t t r end of u r b a n cen t r e s h e l p s the p l a n n e r and 
a d m i n i s t r a t o r in f o r m u l a t i n g d e v e l o p m e n t p l a n s , g u i d e l i n e s for 
m a i n t a i n i n g the e n v i r o n m e n t and the qua l i t y of l i f e . 
Sa t e l l i t e r e m o t e s e n s i n g o f f e r s m o r e m e a n i n g f u l , s c i e n t i f i c , 
s y s t e m a t i c , r e l i a b l e , a c c u r a t e and t ime ly ( u p - t o - d a t e ) i n f o r m a t i o n 
on s u r f a c e t r a n s f o r m a t i o n s on a cos t e f f e c t i v e b a s i s t han m o s t 
o t h e r a v a i l a b l e da t a g a t h e r i n g t e c h n i q u e s . T h u s t h e i n f o r m a t i o n 
o b t a i n e d on u r b a n s p r a w l , u r b a n land use and z o n i n g can a s s i s t 
p l a n n e r s fo r s o u n d u r b a n and r e g i o n a l l and u s e p l a n n i n g . 
" Bolt, Dirk, (1996) "An Urban Community Strategy for Implement ing Decentralisation and 
Devolut ion Policy, ITC Journal, 1996-1. 
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The s u c c e s s of any p lan w o u l d d e p e n d on the a v a i l a b i l i t y of 
e f f e c t i v e d a t a b a s e and i n f o r m a t i o n s y s t e m . T h i s w a r r a n t s the use 
of c o m p u t e r sys t em w h i c h wi l l he lp in easy s t o r a g e , r e t r i eva l and 
a n a l y s i s of l a rge q u a n t u m of da ta fo r e f f e c t i v e m a n a g e m e n t and 
s u b s e q u e n t use in the d e c i s i o n m a k i n g p r o c e s s . R e c e n t a d v a n c e s in 
the f i e ld of c o m p u t e r ba sed G e o g r a p h i c I n f o r m a t i o n Sys t em ( G I S ) 
p r o v i d e s very u s e f u l tool in u n d e r t a k i n g such a n a l y s i s . GIS is 
e s s e n t i a l l y a c o m p r e h e n s i v e spa t i a l d e c i s i o n s u p p o r t s y s t e m of 
c o m p u t e r h a r d w a r e and s o f t w a r e , to m e r g e s p a t i a l da t a w i t h non-
spa t i a l a t t r i b u t e s for d e r i v i n g m e a n i n g f u l i n f o r m a t i o n to be u s e f u l 
f o r u r b a n p l a n n i n g and m a n a g e m e n t . T h i s r e v i e w of l i t e r a t u r e on 
the p r o b l e m of u r b a n g r o w t h and s p r a w l h a s b e e n d o n e on the 
f o l l o w i n g l ines : 
( i) Su rvey of the w o r k d o n e on the n a t u r e of the p r o b l e m such as 
the u r b a n p o p u l a t i o n g r o w t h , u r b a n b u i l t - u p and the r e l a t e d 
p r o b l e m s of the man and the e n v i r o n m e n t (by c o n v e n t i o n a l m e a n s ) . 
( i i ) Su rvey of the w o r k d o n e on the n a t u r e of the p r o b l e m of 
A l i g a r h Ci ty t h r o u g h c o n v e n t i o n a l as we l l as r e m o t e s e n s i n g 
m e t h o d s . 
( i i i ) S u r v e y of the w o r k d o n e on the n a t u r e of the p r o b l e m 
t h r o u g h r e m o t e s e n s i n g and GIS t e c h n i q u e s and t h e i r e f f i c a c y in 
u s i n g t h e s e t e c h n i q u e s fo r the s tudy a rea . 
T h e o the r i m p o r t a n t pa r t of r e v i e w of l i t e r a t u r e is the 
r e s e a r c h e r ' s u n d e r s t a n d i n g and a n a l y s i s of t h e w o r k d o n e w h i c h 
i n c l u d e s ; 
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(a) I d e n t i f i c a t i o n of the a s p e c t s on w h i c h i m p o r t a n t and g u i d i n g 
w o r k has been done . 
(b) I d e n t i f i c a t i o n of the a s p e c t s on w h i c h t h e r e is d e f i c i e n c y of 
l i t e r a t u r e and on a s p e c t s of d e f i c i e n t i n f o r m a t i o n r e s e a r c h e r shou ld 
see the s c o p e of f u r t h e r i n f o r m a t i o n . 
(c) The i d e n t i f i c a t i o n of the a s p e c t s on w h i c h r e s e a r c h e r has to 
lay e m p h a s i s . 
T h e r e v i e w of l i t e r a t u r e or the su rvey of the l i t e r a t u r e shou ld 
s u i t a b l y be m a d e unde r the h e a d i n g of i m p o r t a n t a s p e c t s of the 
s t u d y or the i m p o r t a n t p r o b l e m s of the s tudy a rea and shou ld 
i n c o r p o r a t e the w o r k s and v i e w s of s eve ra l s c h o l a r s on each a spec t 
of the s tudy . 
(i) S U R V E Y OF T H E W O R K D O N E ON T H E N A T U R E OF 
T H E P R O B L E M 
In the pas t , u r b a n g r o w t h o c c u r r e d at c e r t a i n s e l e c t e d p l ace s 
c r e a t i n g d i s p a r i t i e s in u r b a n d e v e l o p m e n t on the one hand and the 
s i t u a t i o n non c o n d u c i v e f o r ove ra l l d e v e l o p m e n t on the o ther . 
M o r e o v e r , the t r e n d , p a t t e r n s and g r o w t h of u r b a n i s a t i o n is of 
d i f f e r e n t ra te and m a g n i t u d e in b a c k w a r d e c o n o m y than in a 
d e v e l o p e d r e g i o n . It is a l so of d i f f e r e n t m a g n i t u d e fo r a s ta te 
s i t u a t e d on the p l a in a reas t han on the m o u n t a i n o u s or the ar id 
r e g i o n . T h e v a r i a t i o n s are a l so f o u n d a m o n g t h e d i s t r i c t s of the 
s t a t e . H e r e s o m e of the s e l e c t e d s t u d i e s h a v e b e e n p r e s e n t e d to 
h a v e an idea abou t the t r e n d s and e x t e n t of u r b a n g r o w t h in 
d i f f e r e n t pa r t s of Ind i a b a s e d on c o n v e n t i o n a l t e c h n i q u e s . 
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U r b a n p l a c e s g row by phys i ca l l y e x p a n d i n g out the rura l 
land . In d o i n g so, the u rban real e s t a t e b u s i n e s s w o u l d c e r t a i n l y 
seek out the l e a s t - cos t so lu t i on by d i s p l a c i n g a g r i c u l t u r a l u ses 
f r o m lands r e q u i r i n g l i t t le i n v e s t m e n t on d e v e l o p m e n t . In Ind i a , 
ha rd ly an con t ro l is e x e r c i s e d to r e g u l a t e such e x p a n s i o n of u r b a n 
p l a c e s and c o n s e q u e n t l y , one does not k n o w w h a t k ind of land is 
b e i n g a f f e c t e d by the p r o c e s s . 
The s tudy by H u s s a i n ( 1 9 8 0 ) , a t t e m p t s to e m p h a s i z e one of 
the d e m e r i t s of h a p h z a r d u r b a n i s a t i o n , i .e. u r b a n e n c r o a c h m e n t in 
our c o u n t r y , w h i c h has rea l ly b e e n in o p e r a t i o n fo r the las t t h r e e 
d e c a d e s . T h o u s a n d s of h e c t a r e s of good qua l i t y land have been 
t a k e n ove r fo r v a r i o u s u r b a n p u r p o s e s in d i f f e r e n t p a r t s of Ind ia , 
p a r t i c u l a r l y in the u p p e r G a n g a - Y a m u n a D o a b , one of the r i c h e s t 
g r a n a r i e s of Ind i a . U r b a n e x p a n s i o n u n d o u b t e d l y , c a n n o t be 
c h e c k e d , but it can be p l a n n e d at leas t to say tha t good qua l i t y 
a g r i c u l t u r a l l ands s h o u l d no t be a c q u i r e d for n o n - a g r i c u l t u r a l 
p u r p o s e s w i t h o u t a c c o u n t i n g fo r the soc ia l cos t i n v o l v e d . The 
o b j e c t i v e of the s tudy is to p r e s e n t s o m e a c c o u n t s of u r b a n 
e x p a n s i o n on rura l land w i th r e f e r e n c e to a g r o w i n g t o w n of U t t a r 
P r a d e s h n a m e l y M u z a f f a r n a g a r . U r b a n e x p a n s i o n a f f e c t e d six 
v i l l a g e s . The a m o u n t of l and c o n t r i b u t e d by t h e s e s ix v i l l a g e s for 
a c c o m m o d a t i n g u r b a n e x p a n s i o n w a s s o m e 9 3 0 . 6 0 h e c t a r e s in 1973 
fo r d i f f e r e n t u r b a n p u r p o s e s . 
T h e au tho r c o n c l u d e d tha t the p r o b l e m of u rban 
e n c r o a c h m e n t is by no m e a n s p e c u l i a r to M u z a f f a r n a g a r a l o n e . In 
the U p p e r G a n g a Y a m u n a D o a b , c i t i e s such as M e e r u t , S a h a r a n p u r , 
G h a z i a b a d , M o d i n a g a r and B u l a n d s h a h a r e x p a n d e d b e y o n d the i r 
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o r i g i n a l l imi ts and c o n s e q u e n t l y d e v o u r e d l a rge a reas of good 
/ 
qua l i t y a g r i c u l t u r a l l ands . As far as the U p p e r G a n g a - Y a m u n a 
D o a b is c o n c e r n e d , the p r o b l e m has b e c o m e r a t h e r a l a r m i n g for 
w h i c h the h i s to r i ca l i n c i d e n c e of p a r t i t i o n i n g of the s u b - c o n t i n e n t 
in 1947 b r o u g h t in its w a k e m i l l i o n s of r e f u g e e s ; of the neces s i t y 
the m i g r a n t s c h o o s e to stay in t o w n s . T h i s led to a p h e n o m e n a l 
i n c r e a s e in the p o p u l a t i o n of s eve ra l t o w n s . T h e s e m i g r a n t s were 
no t r i ch p e o p l e and cou ld not a c c o m m o d a t e t h e m s e l v e s by 
e x p a n d i n g the ci ty ve r t i ca l l y . The a b s o r b i n g s o c i e t y a l so took the 
e a s i e r m e a n s to e x p a n d the tov^/n h o r i z o n t a l l y . T h e c o n s e q u e n c e s of 
s u c h an a p p r o a c h had been e x a m i n e d in th i s s t u d y . Bu t in the end 
the a u t h o r r a i ses the q u e s t i o n tha t r e m a i n s h e r e to be e x a m i n e d . 
W h e t h e r c o n t i n u m is the only m o d e l fo r p h y s i c a l e x p a n s i o n of a 
c i t y? W o u l d we not , a l t e r n a t i v e l y s e l ec t i n f e r i o r l and for urban use 
and t h e r e b y , t r a n s f e r the soc ia l cos t to t h e u r b a n p r o p e r t i e s 
themselves" ' . 
Wi th the o b j e c t i v e to u n d e r s t a n d the p r o c e s s of d e v e l o p m e n t 
of the u r b a n f r i n g e and its i m p a c t on the c h a n g i n g land use pa t t e rn 
and f i n a l l y to ana ly se the p r o b l e m s tha t h a v e c r o p p e d up a long 
w i t h the g r o w t h of the u r b a n f r i n g e , S e n g u p t a ( 1 9 8 8 ) e x e m p l i f i e d 
the case of A h m e d a b a d ci ty . 
S ince the last ten to f i f t e e n y e a r s , the c i t y - l i m i t has s t a r t ed to 
e x p a n d . Th i s p r o c e s s of g r o w t h of the r e s i d e n t i a l s u b u r b s in the 
I n d i a n c i t i es is r a the r d i f f e r e n t f r o m tha t of t h e w e s t e r n c i t i e s . In 
the w e s t e r n s i t ua t i on , t h e r e has b e e n a d e c l i n e of p o p u l a t i o n at the 
' Hussain, M, Irshad (1980) "Urban Expansion or Encroachment ," Geographical Review of India, Vol. 
42, No 2, June, p. 131-139. 
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ci ty - c en t r e ; and an out m i g r a t i o n of p o p u l a t i o n is r e s p o n s i b l e for 
g r o w t h of s u b u r b s . In the Ind ian case , the u r b a n f r i n g e is an 
o u t c o m e of lesser ou tward m i g r a t i o n of r e s i d e n t s f rom the city 
c e n t r e but an i n c r e a s e d inward m i g r a t i o n of r e s i d e n t s f r o m the 
n e a r b y v i l l a g e s or t o w n s . The ci ty e x p a n s i o n is a l so t a k i n g p l a c e 
due to n a t u r a l u r b a n p o p u l a t i o n g r o w t h . As a r e s u l t , bo th the city 
c e n t r e and t h e s u b u r b s h a v e g r o w n s i m u l t a n e o u s l y in p o p u l a t i o n . 
T h e ci ty of A h m e d a b a d is g o i n g t h r o u g h the s a m e p r o c e s s of 
s u b u r b a n i s a t i o n and as a r e su l t e x p e r i e n c i n g r ap id p o p u l a t i o n 
g r o w t h and had w i t n e s s e d a p h e n o m e n a l r a t e of p o p u l a t i o n g r o w t h 
d u r i n g 1 9 7 1 - 8 1 . 
A n u m b e r of p r o b l e m s h a v e c r o p p e d up w i th the g r o w t h of 
t h e u rban p o p u l a t i o n in the f r i n g e a reas of A h m e d a b a d . T h e loss of 
a g r i c u l t u r a l l and w i th an i n c r e a s e in n o n - a g r i c u l t u r a l l and due to 
the r i s i n g p r e s s u r e of p o p u l a t i o n . On the one h a n d , the land is not 
u sed fo r any p u r p o s e and on the o the r h a n d t h e p r i c e goes up 
e x o r b i t a n t l y in the p r o c e s s of l and s p e c u l a t i o n . T h e p o p u l a t i o n has 
g r o w n in the u r b a n f r i n g e w i t h o u t m u c h d e v e l o p m e n t of the a rea . 
T h e a rea on the w h o l e s u f f e r s f r o m lack of a m e n i t i e s p o o r n e t w o r k 
of r o a d s and t r a n s p o r t a t i o n sys t em i n a d e q u a t e e d u c a t i o n a l and 
o t h e r i n s t i t u t i o n s and the s h o r t c o m i n g s in the e l e c t r i c i t y , w a t e r and 
s e w e r a g e s y s t e m fo r the en t i r e a rea . In the l i gh t of all t hese 
p r o b l e m s a c o m p r e h e n s i v e p l a n n i n g is r e q u i r e d fo r m a n a g i n g the 
u n u s e d land p r o v i d i n g i n f r a s t r u c t u r e and i m p r o v i n g the l iv ing 
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c o n d i t i o n s in o rde r to r e d u c e the spa t i a l and soc i a l i nequa l i t y in 
4 the u rban f r i n g e . 
An a t t e m p t has been m a d e by S a r k a r ( 1 9 9 5 ) to f ind out the 
g e n e r a l t e n d e n c i e s i nhe ren t in the d e m o g r a p h i c h i s t o r y of t o w n s in 
the s t a t e s of Wes t B e n g a l du r ing the pe r iod 1 9 0 1 - 8 1 . The 
c e n t u r y u rban g r o w t h in Wes t B e n g a l a p p e a r s to be s i g n i f i c a n t l y 
r e l a t e d to the c o n c o m i t a n t ru ra l g r o w t h , i n d e x - v a l u e s of 
a g r i c u l t u r a l p r o d u c t i o n , i ndus t r i a l e m p l o y m e n t , n u m b e r of 
r e g i s t e r e d f a c t o r i e s and m i g r a t i o n . D u r i n g the B r i t i s h p e r i o d in te r -
d i s t r i c t and i n t e r - s t a t e m i g r a t i o n w e r e o v e r w h e l m i n g fo r C a l c u t t a , 
w h i c h w a s the p r i m a t e c i ty wi th fas t g r o w i n g b a s i c sec to r s a l o n g 
the c o r r i d o r s d e f i n e d by the b a n k s of the H o o g l y r i v e r and the s t r ip 
t h r o u g h w h i c h the Ind ian R a i l w a y w a s la id u p o n in the r e g i o n . 
R e g i o n a l v a r i a t i o n s occu r due to spa t i a l d i f f e r e n c e s in geo -
e c o n o m i c f a c t o r s , to p r o v e th i s in t h e p r e s e n t case a t ime 
d e p e n d e n t spa t i a l r e g r e s s i o n m o d e l had been p r e p a r e d w h i c h g a v e 
i n s i g h t in to the m e c h a n i s m of u rban d e v e l o p m e n t p r o c e s s e s and 
o r i e n t a t i o n . The au tho r c o n c l u d e d tha t the s y s t e m of h i e r a r c h i c a l 
o r g a n i s a t i o n in r e s p e c t of s ize f u n c t i o n and l i n k a g e s t r u c t u r e 
d e v e l o p e d in an i r r e g u l a r and s k e w e d f a s h i o n - t he p r o c e s s of 
u r b a n i s a t i o n a p p e a r e d to be t ru ly " e n c l a v e t y p e " . T h e sys t em of 
s p a t i a l u r b a n p a t t e r n , h o w e v e r , had b e e n s h o w i n g i n c r e a s i n g 
o r g a n i s a t i o n t e n d e n c y d u r i n g the ea r l i e r pa r t o f t h e las t qua r t e r of 
t h i s e c o n o m i c e x p a n s i o n w h i c h a b s o l u t e l y c o n t r o l l e d the u rban 
g r o w t h s c e n a r i o in the pas t but the i n c r e a s i n g m e t r o p o l i t a n i s a t i o n 
in r e c e n t d e c a d e is e x p e c t e d to p r o d u c e a " m u l t i - u m b e r a l " d e s i g n 
Sengupta, Sunita (1988) "Problems of Changing Landuse Pattern in the Urban Fringe of 
AhJTiedabad", Geographical Review of India, Vol. 50, N o . l , March, p. 77-83. 
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fo r u r b a n space in f u t u r e ; in the p r o c e s s , the u r b a n s y s t e m w o u l d 
lose its e v o l u t i o n a r y c h a r a c t e r m o v i n g c lose r t o w a r d s the s t eady 
s ta te cond i t i on^ 
T h e s tudy by Arya (1995) p r e s e n t s e x t e n s i v e r e s e a r c h on the 
g r o w t h and u r b a n i s a t i o n of a typ ica l I nd i an t o w n n a m e l y R o o r k e e 
s i t u a t e d in G a n g a - Y a m u n a Doab . It t r a c e s all a s p e c t s of 
d e v e l o p m e n t i n c l u d i n g d e m o g r a p h i c a l , s o c i a l , e c o n o m i c , 
a d m i n i s t r a t i v e and e n v i r o n m e n t a l c h a r a c t e r i s t i c s of the c i ty in the 
n i n e t e e n t h and t w e n t i e t h c e n t u r i e s . T h e p r o b l e m s g e n e r a t e d by the 
p r e s e n t p a t t e r n of d e v e l o p m e n t w e r e i d e n t i f i e d w i th the a im to he lp 
in i d e n t i f y i n g and s o l v i n g the p r o b l e m s a s s o c i a t e d wi th u rban 
d e v e l o p m e n t . T h e d y n a m i c c h a n g e s in the ci ty w e r e t r a c e d wi th the 
h e l p of s e c o n d a r y da ta s o u r c e s . 
The a u t h o r has c o n c l u d e d tha t t he d e v e l o p m e n t of R o o r k e e 
has f o l l o w e d a h a p h a z a r d p a t t e r n wi th no d e f i n i t e p l a n n i n g at a l l . 
T h i s has led to the m a j o r p r o b l e m s of c o n g e s t e d and u n p l a n n e d 
s e t t l e m e n t w i t h n a r r o w r o a d s , w h i c h s eve re ly o b s t r u c t t r a f f i c and 
is r e s p o n s i b l e fo r c r e a t i n g t r a f f i c j a m s very o f t e n . D u e to i m p r o p e r 
d r a i n a g e s e v e r a l low ly ing a reas of R o o r k e e ge t f l o o d e d d u r i n g 
r a i n s , i n a d e q u a t e s e w e r a g e sys t em and u n h e a l t h y s o l i d w a s t e and 
s e w e r a g e d i s p o s a l s i t e s a re the m a j o r p r o b l e m s f a c e d by the c i ty . 
D e a r t h of w e l l p l a n n e d and p r o p e r l y m a n a g e d o p e n s p a c e s in the 
c i ty in g e n e r a l , e s p e c i a l l y in the old c i ty , w i t h v i t a l l y no open 
' Sarkar, A (1995) " tJrban Growth and Urban System Development in West Bengal" , Geographical 
Review of India, Vol. 57, N o . l , March, p. 56-69. 
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s p a c e s and v e g e t a t i o n b e i n g a l m o s t nil a re the o the r m a j o r 
p r o b l e m s i d e n t i f i e d in the study' ' . 
T r ipa th i ( 1 9 9 6 ) has c o n d u c t e d a s tudy of R a j a s t h a n , a s ta te of 
b a c k w a r d e c o n o m y . The da ta fo r the s tudy a rea have been ca l l ed 
f r o m c e n s u s of Ind ia ( 1 9 9 1 ) by the a u t h o r . T h e d i s c u s s i o n of 
u r b a n i s a t i o n has been based on the f o l l o w i n g i n d i c a t o r s : 
(a) D e c a d a l urban g r o w t h ( 1 9 8 1 - 9 1 ) ; 
(b) P e r c e n t a g e of u rban p o p u l a t i o n to to ta l p o p u l a t i o n ; 
(c) P e r c e n t a g e of p o p u l a t i o n of a b o v e 2 0 , 0 0 0 u r b a n cen t r e s to 
to ta l u rban p o p u l a t i o n ; 
(d) P o p u l a t i o n per u r b a n c e n t r e ( in l akh ) ; and 
(e) R e l a t i v e d i s t a n c e b e t w e e n u r b a n c e n t r e s . 
The v a l u e s of the i n d i c a t o r s h a v e been c a l c u l a t e d for each 
d i s t r i c t and for the s tudy a rea . T h e v a l u e s of the d i s t r i c t have been 
g i v e n w e i g h t a g e on the b a s i s of the f o l l o w i n g f o r m u l a to e x p r e s s 
the o v e r a l l p a t t e r n of u r b a n i s a t i o n ; 
v j i 
W j i 
vai 
W h e r e , 
W j i = w e i g h t a g e on ' i ' i n d i c a t o r in ' j ' d i s t r i c t , 
V j i = v a l u e o f ' i ' i n d i c a t o r in 'j ' d i s t r i c t , 
Va i = v a l u e of 'i' i n d i c a t o r in s tudy a r ea 
^ Arya, D.S. and D.A. Abbasi (1995) "Growth of Roorkee City", Geographical Review of India, Vol. 
57, No.3 , September, p. 223-241. 
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The w e i g h t a g e on the v a l u e s of p o p u l a t i o n per u rban cen t r e 
and r e l a t i v e d i s t a n c e b e t w e e n urban cen t r e has been d e t e r m i n e d in 
r e v e r s e m a n n e r by the a u t h o r . By s u m m i n g the w e i g h t a g e s of all 
the i n d i c a t o r s in a d i s t r i c t a c o m p o s i t e s co re had been de r ived to 
e x p r e s s the ove ra l l p i c t u r e of u r b a n i s a t i o n . Fo r e x p l a i n i n g the 
r e g i o n a l c h a r a c t e r i s t i c s of u r b a n i s a t i o n , t he d i s t r i c t s had been 
c a t e g o r i s e d on the b a s i s of very h igh , m e d i u m , low and very low 
l eve l s of u r b a n i s a t i o n . The s tudy r e v e a l s t ha t the u r b a n 
d e v e l o p m e n t is very u n e v e n in the s tudy a rea . It is in its in i t i a l 
s t a g e . B r o a d l y , s o u t h e r n , w e s t e r n and e a s t e r n p a r t s of the d i s t r i c t 
are l a g g i n g b e h i n d o the r a reas wi th r e s p e c t to u r b a n i s a t i o n ^ 
" U r b a n i s a t i o n S ta tus in D i s t r i c t H o w r a h . A s tudy of M a l i k 
( 1 9 9 6 ) is an a p p r o a c h t o w a r d s i d e n t i f i c a t i o n of the d e g r e e of 
u r b a n i s a t i o n in the d i s t r i c t of H o w r a h fo r m e a n i n g f u l r e a l i s a t i o n of 
t h e e x i s t i n g u r b a n e c o l o g i c a l s t a tus w h e r e e m p i r i c a l o b s e r v a t i o n s 
r e f l e c t a c h a o s and d e t e r i o r a t i o n of the q u a l i t y of l i fe . The 
o b j e c t i v e of the s tudy is to i d e n t i f y the u r b a n i s a t i o n p r o c e s s e s in 
the area w h i c h are ind i r ec t c a u s e s of e c o l o g i c a l i m b a l a n c e s in the 
d i s t r i c t - H o w r a h , w h i c h is an i m p o r t a n t i n d u s t r i a l and b u s i n e s s 
d i s t r i c t . T h e s e two f a c t o r s a c t i v a t e d u r b a n g r o w t h in the c i t i e s 
w i t h i n the d i s t r i c t w h e r e o n e - s t o r e y b u i l d i n g s a re r a p i d l y b e i n g 
c o n v e r t e d in to m u l t i - s t o r i e d r e s i d e n t i a l and c o m m e r c i a l 
a p a r t m e n t s . Th i s t r e m e n d o u s i n c r e a s e in p o p u l a t i o n is c a u s i n g a 
g r e a t p r e s s u r e on n a t i o n a l r e s o u r c e s and e n v i r o n m e n t a l qua l i t y is 
g e t t i n g d i s t u r b e d as w e l l as e n d a n g e r i n g the d e v e l o p m e n t . 
^ Tripathi, R.S. (1996) "Regional Pattern of Urbanisation in Rajasthan, India", Geographical Review of 
India, Vol. 5 N o . l , March, p. 57,67. 
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The p a r a m e t e r s chosen to g a u g e the ra te of u r b a n i s a t i o n are: 
i) dens i t y per sq. km. 
ii) p e r c e n t a g e of u rban p o p u l a t i o n to to ta l p o p u l a t i o n , 
i i i ) p e r c e n t a g e decada l g r o w t h ra te of u r b a n p o p u l a t i o n ; and 
iv) p e r c e n t a g e of l i t e racy ra te . 
Al l t he se v a r i a b l e s are r a n k e d a c c o r d i n g l y in a d e s c e n d i n g 
o r d e r and the f o l l o w i n g f o r m u l a has been a p p l i e d to a r r ive at a 
f i n a l r a n k e d s t a n d a r d score for a s s e s s i n g the a c t u a l v a r i a t i o n of 
u r b a n i s a t i o n . C o m p o s i t e s co re s are t h u s o b t a i n e d f o r each t own or 
w i t h un i t and f ina l ly d i v i d e d by 100 to a c h i e v e a s t a n d a r d i s e d and 
easy to h a n d l e score . 
P + T + G + L 1 
Ui X 
N 100 
W h e r e , 
Ui = I n d e x of u r b a n i s a t i o n ( r a n k e d s t a n d a r d s c o r e ) f o r uni t 
P = R a n k e d v a l u e of p r o p o r t i o n a t e u r b a n p o p u l a t i o n 
T = R a n k e d v a l u e of t o w n dens i t y . 
G = R a n k e d v a l u e of d e c a d a l per cen t g r o w t h 
L = R a n k e d va lue of l i t e racy . 
U s i n g the a b o v e f o r m u l a the a u t h o r d i s p l a y s r a n k i n g co-
e f f i c i e n t v a l u e s b e t w e e n 0 . 1 - 1 . 0 0 and s t a t ed t h a t l o w e r the v a l u e , 
o 
h i g h e r is t he index of u r b a n i s a t i o n and v i c e v e r s a . 
It is a l so i m p o r t a n t to h a v e an i dea o f the t r end of 
u r b a n i s a t i o n in a m e t r o p o l i t a n c i ty as c o m p a r e d to c l a s s I c i t i es of 
Malik, Kalyani (1996 "Urbanisation Status in District Hawrah - an Analytical Assessment", 
Geographical Review of India, Vol. 58, No.2, June, p. 139-146. 
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the c o u n t r y . An a t t emp t has been m a d e by T a w a d e ( 1 9 9 6 ) to t r ace 
the c h a n g e s on l a n d s c a p e f r i n g e s of the m e t r o p o l i t a n M u m b a i . 
M u m b a i , one of the p r e m i e r co lon ia l c i t i e s and c o m m e r c i a l c en t r e s 
of I n d i a w i t n e s s e d a rap id and u n c o n t r o l l e d g r o w t h d u r i n g the last 
f i f t y y e a r s . The rap id g r o w t h of the ci ty has b r o u g h t in its w a k e 
the p r o b l e m of space for h o u s i n g , c o m m e r c e and i n d u s t r y r e q u i r i n g 
in to t h e c o u n t r y s i d e and has d e f i n e d the p l a n n e d d e v e l o p m e n t , 
w h i c h h a s p r o d u c e d a m a s s i v e rura l - u rban f r i n g e . H e r e the u rban 
e x p a n s i o n has ac ted as a b u l l d o z e r a p p e a r i n g to d e s t r o y the rura l 
l a n d s c a p e and p r o d u c e at the edge a l a n d s c a p e , w h i c h the a u t h o r 
has t e r m e d as " s c o r c h e d ea r th" . 
The s i t u a t i o n ra i ses a f u n d a m e n t a l i s sue as to w h e t h e r the 
s e c o n d a r y and t e r r i t o ry ac t i v i t i e s be c o n c e n t r a t e d on such a 
m a s s i v e sca le to g ive r i se the m e g a c e n t r e s l ike M u m b a i or many 
d e c e n t r a l i s e d i n d u s t r i a l and s e r v i c e c e n t r e s s h o u l d be e n c o u r a g e d . 
T h e r e is no s e c o n d o p i n i o n tha t t he s p i l l o v e r of a g r o w i n g city has 
to be a c c o m m o d a t e d s o m e w h e r e in o rde r to a v o i d the h a p h a z a r d 
d e v e l o p m e n t . The p l a n n e d u r b a n i s a t i o n in th i s r e g a r d is t h e r e f o r e 
j u s t i f i e d . It is w o r t h w h i l e to c o n s i d e r d e c e n t r a l i s a t i o n in ear ly 
s t a g e s to avo id the e n c r o a c h m e n t on a g r i c u l t u r a l l y f e r t i l e be l t s , 
w h i c h wi l l e n d a n g e r the e c o l o g y of t h e r i m l a n d by d i s t u r b i n g the 
d r a i n a g e c h a n n e l s and o v e r - u t i l i s a t i o n of g r o u n d wate r^ . 
In H a r y a n a one of the d e v e l o p e d s t a t e s of I n d i a in t e r m s of 
p e r c a p i t a i n c o m e , the p i c t u r e of u r b a n i s a t i o n r e m a i n s the s a m e 
l ike res t of Ind i a . Wi th a f e w b ig c i t i e s d o m i n a t i n g the u r b a n 
' Tawade, G.F. and V.S. Phadke (1996) "Process of Urbanisation in a Metropoli tan Fringe: A Study of 
Vasai Tehsil", National Geographical Journal of India, Vol. 42 (3 & 4), September-December , p.257-
265. 
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s c e n e . The evo lu t ion of this l ops ided u rban s t r u c t u r e in H a r y a n a 
has been ana lysed by M a j u m d a r in the s tudy , k e e p i n g in v iew the 
d i v e r g i n g i n t e r p r e t a t i o n s . 
The ana lys i s of the t rend in u r b a n i s a t i o n and urban g r o w t h 
fo r the s t a te as a w h o l e s u g g e s t s that the p a c e of u r b a n i s a t i o n has 
r e g u l a r l y a c c e l e r a t e d d u r i n g the pe r iod unde r c o n s i d e r a t i o n . In 
r e c e n t d e c a d e s the s ta te has e x p e r i e n c e d rapid u r b a n grov^'th due to 
its e c o n o m i c d e v e l o p m e n t in the f i e ld of i n d u s t r i e s , c o m m e r c e 
a g r i c u l t u r a l inputs and t r a n s p o r t and c o m m u n i c a t i o n . The 
d i s t r i b u t i o n of p o p u l a t i o n by s i z e - c l a s s of t o w n s in H a r y a n a over 
the p e r i o d s h o w s the i n t ens i t y of spa t ia l c o n c e n l r a t i o n of 
p o p u l a t i o n in the few la rge c i t i es and m e d i u m t o w n s . Indus t r ia l 
g r o w t h and c o n n e c t i v i t y both by r a i lway and Nai ion; i l H i g h w a y s 
wi th De lh i M e t r o p o l i t a n R e g i o n has f a c i l i t a t e d the pace of u rban 
g r o w t h in the nea rby d i s t r i c t s of F a r i d a b a d . A m b a l a , G u r g a o n , 
P a n i p a t , Y a m u n a n a g a r , K a r n a l and Sonipat"^'. 
U n p r e c e d e n t e d , u n p l a n e d and u n c h e c k e d g r o w t h of u rban 
c e n t r e s in the past few d e c a d e s is b e c o m i n g a m a t t e r of g rea t 
c o n c e r n all over the w o r l d , p a r t i c u l a r l y in d e v e l o p i n g c o u n t r i e s . 
T h e s e c e n t r e s are b e c o m i n g u n m a n a g e a b l e and r i sk p r o n e . T a k i n g 
into a c c o u n t th is p r o b l e m , t h e n a t u r a l and h u m a n r e s o u r c e s su rvey 
w a s c a r r i e d out in w e s t e r n R a j a s t h a n by the i n t e g r a t e d team of the 
s u b j e c t m a t t e r s p e c i a l i s t s , i n c l u d i n g B a l a k R a m ( 1 9 9 8 ) . D u r i n g 
s u r v e y , the impac t of u r b a n i s a t i o n on d i f f e r e n t e c o s y s t e m s in t e r m s 
Majumdar , Paramita (1998) "The Trend of tJrbanisation and Urban Growth in Haryana: 1901-1991", 
Geographical Review of India, Vol. 60, N o . l , March, p. 84-97. 
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of loss of a g r i c u l t u r a l land , decenn i a l g r o w t h of u r b a n p o p u l a t i o n , 
c h a n g e in w o r k i n g p o p u l a t i o n and d i m e n s i o n a l f a c t o r s was s t u d i e d . 
U r b a n p o p u l a t i on in W e s t e r n R a j a s t h a n n o w a c c o u n t s fo r 
m o r e t h a n 22 p e r c e n t of the to ta l p o p u l a t i o n c o n c e n t r a t e d in 88 
t o w n s . I n t r o d u c t i o n of i r r i ga t i on f r o m I n d i r a G a n d h i cana l and 
d e v e l o p m e n t of i r r i ga t ed f a r m i n g and m i n e r a l b a s e d i n d u s t r i e s 
h a v e b e e n the m a j o r f a c t o r s fo r u r b a n g r o w t h . T h e u rban 
p o p u l a t i o n has i n c r e a s e d by near ly 200 p e r c e n t f r o m 1961. Such an 
u n p l a n n e d g r o w t h has caused d e g r a d a t i o n of n a t u r a l e c o s y s t e m s 
and t h e r e b y c r e a t i n g s e r i ous e n v i r o n m e n t a l p r o b l e m s . I n s p i t e of 
t h e s e l i m i t a t i o n s W e s t e r n R a j a s t h a n has g o o d s c o p e for 
d e v e l o p m e n t due to its p o t e n t i a l n a t u r a l r e s o u r c e s and c u l t u r a l 
h e r i t a g e . D e v e l o p m e n t of h a n d i c r a f t , t o u r i s m and c o t t a g e 
i n d u s t r i e s h a v e e n o u g h scope to d e v e l o p . Bu t in f u t u r e , u r b a n 
d e v e l o p m e n t a c t i v i t i e s mus t f o l l o w a t ime b a s e d a p p r o p r i a t e , 
v a r i a b l e and e f f e c t i v e t o w n and c o u n t r y p l a n n i n g w i t h d e d i c a t e d 
e f f o r t s o f g o v e r n m e n t , p e o p l e ' s c o o p e r a t i o n and a s t r o n g p o l i t i c a l 
w i l l " . 
( i i ) S U R V E Y OF T H E W O R K D O N E O N A L I G A R H C I T Y 
It is u s e f u l to r e v i e w the p r e v i o u s w o r k on A l i g a r h Ci ty . 
H e r e , an a t t e m p t has been m a d e to t r a c e the v a r i o u s s t u d i e s r e l a t ed 
to u r b a n g r o w t h or u r b a n sp rawl of the c i ty . T h e o b j e c t i v e is to 
e x a m i n e the p r o c e d u r e a d o p t e d by the e a r l i e r s c h o l a r s w h i c h wou ld 
" Ram, Balak and Surender Singh (1998) "Trend of Urbanisation and its impact on Natural and Human 
Resources in an Arid Environment", The Geographer, Vol. XLV, No.2 , July, p. 56-69. 
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he lp to o u t l i n e the a d e q u a c y and i n a d e q u a c y of r e s e a r c h on the 
v a r i o u s u rban p r o b l e m s of A l i g a r h . 
The s tudy by K h a n ( 1 9 9 3 ) is i m p o r t a n t in so fa r as it g ives a 
d e t a i l e d u n d e r s t a n d i n g of the v a r i o u s a s p e c t s of u r b a n i n f l u e n c e 
and i n s i g h t into the e c o n o m i c c h a n g e s that are t a k i n g p l a c e in the 
c o u n t r y s i d e . It g ives a de t a i l ed i n f o r m a t i o n a b o u t the v i l l a g e s , the 
c o m p l e m e n t a r y n a t u r e of r e l a t i o n s h i p b e t w e e n v i l l a g e and t own 
and the spa t i a l s t r u c t u r e of u rban i n f l u e n c e a r o u n d the c i ty . The 
w o r k is l a rge ly based on p r i m a r y da ta c o l l e c t i o n , w i th the he lp of 
q u e s t i o n n a i r e s p r e p a r e d to g a u g e the u rban i n f l u e n c e on rura l 
e c o n o m y and s e c o n d a r y s o u r c e s . 
It has been c o n c l u d e d by the a u t h o r tha t i m p o r t a n t c h a n g e s 
are t a k i n g p l a c e s in the ru ra l e c o n o m y in A l i g a r h D i s t r i c t unde r the 
u r b a n i n f l u e n c e e m a n a t i n g f r o m A l i g a r h c i ty . The s t r e n g t h of these 
m o d e r n i z i n g i m p u l s e s t r a n s m i t t e d f r o m A l i g a r h d e p e n d s to a l a rge 
e x t e n t on the d i s t a n c e of a v i l l a g e f r o m the c i ty , i ts c o n n e c t i v i t y 
l eve l and its p o p u l a t i o n s i ze . T h e s e t h r e e v a r i a b l e s t o g e t h e r 
e x p l a i n m o r e than 75 p e r c e n t of spa t i a l u r b a n v a r i a b i l i t y in the 
d i s t r i b u t i o n of u r b a n i n f l u e n c e in t h e c o u n t r y s i d e . The spa t i a l 
p a t t e r n of u r b a n i n f l u e n c e in the c o u n t r y s i d e c o n f i r m s the f ac t tha t 
d i s t a n c e s f r o m the ci ty is a m a j o r d e t e r m i n a t i o n of the leve l of 
u r b a n i n f l u e n c e in the d i s t r i c t . ' " 
An a t t e m p t has b e e n m a d e to a n a l y s e the g r o w t h and 
d e v e l o p m e n t of A l i g a r h c i ty and to a s se s s i ts i m p a c t on the 
e n v i r o n m e n t of the f r i n g e a rea by A l a m ( 1 9 9 4 ) in h is w o r k . The 
' ' KJian, Mohd Ishrat Saeed (1993), "Llrban Influence of Rural Economy in Aligarh District, U.P.", 
Unpublished Ph. D. thesis, Department of Geography, A M U , Aligarh. 
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Study r e v e a l s that du r ing the last t h r e e d e c a d e s , A l i g a r h city 
d e v e l o p e d t r e m e n d o u s l y in all f r on t s w h e t h e r it is p o p u l a t i o n , a rea 
h o u s i n g , t r a n s p o r t a t i o n , i ndus t r i e s , e d u c a t i o n c a r e un i t s and hea l th . 
The t r a d i t i o n a l pa t t e rn of v i l l a g e s of f r i n g e a r e a s of the city h a v e 
u n d e r g o n e sea c h a n g e . T h e s e v i l l a g e s are s t r u g g l i n g wi th the 
c h a l l e n g e s wh ich are pu t f o r w a r d by u r b a n e l i t e in o r d e r to s a t i s f y 
the i r u r g e for f u r t h e r d e v e l o p m e n t w i t h o u t h a v i n g any c o n c e r n 
r e s u l t i n g in to a w i d e sca le of e n v i r o n m e n t a l p r o b l e m s . T h e s tudy is 
m a i n l y b a s e d on p r i m a r y s o u r c e s of da ta and p a r t l y on s e c o n d a r y 
s o u r c e s . M a n y p r o b l e m s h a v e b e e n i d e n t i f i e d r e l a t e d wi th the 
u n p l a n n e d g r o w t h of the ci ty f r i n g e . P r o b l e m s of e n c r o a c h m e n t on 
ru ra l l ands , c o n v e r s i o n of f e r t i l e land in to w a s t e l and , d e p l e t i o n of 
n a t u r a l r e s o u r c e s , d u m p i n g of ci ty g a r b a g e and o u t l e t s of ci ty 
d r a i n s , m i g r a t i o n f r o m ru ra l a reas to the c i ty a re n o t i c e d on a l a rge 
s ca l e . In m o r e than 50 p e r c e n t of the v i l l a g e s the p h e n o m e n o n of 
u r b a n e n c r o a c h m e n t is d o m i n a n t , v i l l a g e r s l ike to sel l o f f the i r 
land to get qu i ck r e t u r n s due to the p o v e r t y r e a s o n . ' ' ' 
Q u r e s h i ( 1 9 9 7 ) s t u d i e d the g r o w t h p a t t e r n s of A l i g a r h ci ty 
w i t h spec i a l e m p h a s i s on u rban e x p a n s i o n s i n c e 1985. U s i n g 
r e m o t e s e n s t i n g i m a g e s the au tho r t h r o u g h the v i s u a l i n t e r p r e t a t i o n 
t e c h n i q u e s and the g r o u n d t ru th m e t h o d s t r a c e s the ci ty e x p a n s i o n 
a l o n g the t r u n k roads . An a l a r m i n g ci ty e x p a n s i o n has been no ted 
a l o n g the D e l h i - K a n p u r G r a n d T r u n k R o a d w h i c h p a s s e s t h r o u g h 
the hea r t of the c i ty . Ci ty e x p a n s i o n is a l so n o t a b l e a l o n g A g r a 
r o a d , A n u p s h a h a r road and the R a m g h a t r o a d . T h e r e is a f i n g e r -
s t r e t c h p a t t e r n of the ci ty e x p a n s i o n . S u c h a c o r r i d o r c i ty g r o w t h is 
Siddiqui, Mansoor Alam (1994), "Impact of Development on the Environment of the Fringe Areas of 
Aligarh City", Unpublished M. Phil Dissertation, Department of Geography, A M U , Aligarh. 
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t a k i n g heavy lol l on the a g r i c u l t u r a l l ands . It is c r u c i a l to note that 
the a g r i c u l t u r a l land is p r ime land a l o n g the h i g h w a y s , which is a 
p o t e n t i a l asse t for v e g e t a b l e f a n n i n g d a i r y i n g and h o r t i c u l t u r e . 
A n o t h e r a d v e r s e e f f e c t of the city e x p a n s i o n a l o n g t h e h i g h w a y s is 
tha t t he t i m e - d i s t a n c e by road t r a n s p o r t f r o m A l i g a r h to De lh i , 
A g r a and E tah has c o n s i d e r a b l y i n c r e a s e d due to i n c r e a s e n u m b e r 
of u n s c h e d u l e d bus s t o p p a g e s a l o n g the f r i n g e s e t t l e m e n t s . 
S t r u c t u r a l l y , the dense s t ci ty e x p a n s i o n is t a k i n g p l a c e a long A g r a 
and E tah road . T h e r e f o r e , the t i m e - d i s t a n c e of t h e s e c i t ies has 
increased ' '^ . 
So far s t ud i e s have been c o n d u c t e d on A l i g a r h re la ted wi th 
u r b a n g r o w t h or u rban s p r a w l ba sed on c o n v e n t i o n a l data s o u r c e s . 
H o w e v e r , p r e c i o u s l i t t le has b e e n d o n e to e v a l u a t e the u rban 
s p r a w l of A l i g a r h u s i n g m o d e r n m e t h o d s of r e m o t e s e n s i n g . 
( i i i ) S U R V E Y OF T H E W O R K D O N E ON T H E N A T U R E OF 
T H E P R O B L E M T H R O U G H R E M O T E S E N S I N G A N D 
G I S T E C H N I Q U E S 
An a t t emp t has been m a d e he re to p r e s e n t s o m e of the m a j o r 
p r e v i o u s s tud i e s ca r r i ed out by u r b a n p l a n n e r s , s cho l a r s and 
t r a i n e e s of the f i e ld to e s t a b l i s h the e f f i c a c y of r e m o t e s e n s i n g and 
G I S t e c h n i q u e s in u rban s p r a w l m a p p i n g and s i te su i t ab i l i t y 
a n a l y s i s . 
S o k h i , S h a r m a and U t t a r w a r ( 1 9 8 9 ) in t h e i r s tudy on De lh i 
e m p h a s i z e d use of r e m o t e s e n s i n g t e c h n i q u e s fo r u rban s p r a w l 
Qureshi, S. (1997) "Aligarh City: A Historical and Geographical Scenario", Paper published in the 
Souvenir Volume of the International Geography Conference, A M U , Aligarh, P. 31-38. 
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m a p p i n g . They po in ted out the v i sua l i n t e r p r e t a t i o n of s a t e l l i t e 
da ta p r o d u c t s c o u p l e d with f i e ld c h e c k i n g is a very u s e f u l 
t e c h n i q u e of f i n d i n g out the phys i ca l g r o w t h of u r b a n c e n t r e s . The 
e x p a n s i o n of u rban cen t r e s is very f a s t and c o n v e n t i o n a l g r o u n d 
m e t h o d s are s low and i n a c c u r a t e b e c a u s e by t h e s e m e t h o d s , 
d e l i n e a t i o n of bui l t up a rea is d i f f i c u l t . M a p p i n g and m o n i t o r i n g 
the u r b a n s p r a w l , as a resu l t of u rban d e c a y of c i ty cen t r e , at 
r e g u l a r i n t e r v a l s is very e s sen t i a l f o r u rban p l a n n e r s to u n d e r s t a n d 
the t r e n d of d e v e l o p m e n t of the u r b a n p e r i p h e r y and s u b s e q u e n t l y 
to r e g u l a t e it. In th i s s tudy , v a r i o u s da ta p r o d u c t s l ike L a n d s a t TM, 
M S S and t o p o g r a p h i c a l m a p s w e r e used to f i n d ou t the g rowth of 
D e l h i u r b a n a rea s ince 1975 to 1 9 8 8 ' ^ 
R a m e s h ( 1 9 8 8 ) in his s tudy " U r b a n land use c h a n g e d e t e c t i o n 
u s i n g s e q u e n t i a l Ae r i a l p h o t o g r a p h s and S P O T i m a g e case s tudy : 
C h i a n g u n a i , T h a i l a n d " po in t ed out t o w a r d s t h e r a p i d e x p a n s i o n of 
t h e c i t i e s due to u r b a n i s a t i o n , a c o m m o n p h e n o m e n o n of 
d e v e l o p i n g c o u n t r i e s . To c o p e - u p w i t h t h i s p r o b l e m 
p l a n n e r s / d e c i s i o n m a k e r s need u p - t o - d a t e p h y s i c a l da ta base for 
p r o p e r p l a n n i n g and m a n a g e m e n t of the c i t i e s . S u c h a d a t a b a s e can 
be g e n e r a t e d qu ick ly t h r o u g h a e r i a l / s a t e l l i t e r e m o t e s e n s i n g 
t e c h n i q u e . In the s tudy of C h i a n g u n a i , T h a i l a n d , s e q u e n t i a l ae r ia l 
p h o t o g r a p h s and S P O T i m a g e w e r e used f o r u r b a n land use c h a n g e 
Sokhi, B.S., N.D. Sharma and P.S. Uttarwar, (1989) "Satelli te Remote Sensing in Urban Sprawl 
Mapping and Monitoring: A case study of Delhi", Journal of Indian Society of Remote Sensing, Vol. 
1 7 , N o . 3 , p . 57-65. 
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d e t e c t i o n . A c o m p a r i s o n was a l so m a d e for the g r o w t h s tud ies of 
S P O T and aer ia l p h o t o g r a p h s 16 
In his s tudy " S i t e Su i t ab i l i t y A n a l y s i s fo r R e s i d e n t i a l 
D e v e l o p m e n t in F r i n g e a reas of J a i p u r C i ty " , P r a s a d ( 1 9 8 9 ) 
a t t e m p t e d to show h o w the su i t ab i l i t y l eve l s a re d e t e r m i n e d by 
u s i n g a set of c r i t e r i a for s i te su i t ab i l i t y a n a l y s i s of r e s i d e n t i a l 
e n v i r o n m e n t and s u g g e s t e d the use of ae r i a l p h o t o g r a p h s and 
s a t e l l i t e r e m o t e s e n s i n g as the bes t m e t h o d . T h e s u i t a b i l i t y l eve l 
w a s b a s e d on W e i g h t e d S c o r e Index m e t h o d and used S ieve 
m a p p i n g fo r the w e i g h t e d su i t ab i l i t y l eve l . The w e i g h t e d sys t em is 
b a s e d on loca l c o n d i t i o n s and d o u b l e v /e igh ts has b e e n a s s i g n e d for 
ve ry i m p o r t a n t a s p e c t s , w h i c h w e r e very few'^ . 
D h i n w a et .a l ( 1 9 9 2 ) in " L a n d use C h a n g e A n a l y s i s of 
B h a r a t u p u r D i s t r i c t u s i n g C I S " had m a d e an a t t e m p t to s tudy 
e x i s t i n g land use p a t t e r n and c h a n g e s in the l and use p a t t e r n s of 
B h a r a t p u r d i s t r i c t u s i n g m u l t i - d a t e r e m o t e s e n s i n g da ta ( 1 9 8 6 & 
1989) . A r c / I n f o GIS p a c k a g e has b e e n u sed f o r the land use 
a n a l y s i s . The m a j o r f i n d i n g of the i r w o r k w a s t h a t b e c a u s e of the 
a d o p t i o n of the GIS d a t a b a s e , the c h a n g e ana lys i s and 
a d m i n i s t r a t i v e u n i t - w i s e l and use and c h a n g e c a t e g o r i s a t i o n w e r e 
p o s s i b l e in an easy manne r ' ^ . 
Ramesh, B. (1989) "Urban Landuse Change Detection using Sequential Aerial Photographs and 
S P O T image case study: Chiangamai, Thailand", ISPRS Journal, Vol. 17, No. 3, P. 101-108. 
" Prasad, V.B. (1989) "Site Suitability Analysis for Residential Development in Fringes areas of 
Jaipur City", Unpublished Project Report, HUSAG, IIRS, Dehra Dun, p.4. 
Dhinwa, P.S. et.al (1992) "Landuse Change Analysis of Bharatpur District using GIS", ISPRS 
Journal, Vol.20, No. 4, p. 237-250. 
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In t h e i r s tudy P a t h a n et al. ( 1 9 9 2 ) a t t e m p t e d u r b a n land use 
z o n i n g a n a l y s i s to e v a l u a t e the s u i t a b i l i t y of land for urban 
d e v e l o p m e n t for C a l c u t t a M e t r o p o l i t a n D e v e l o p m e n t A u t h o r i t y 
( C M D A ) a rea . R e m o t e s e n s i n g data in c o n j u n c t i o n wi th su rvey of 
I n d i a m a p s and anc i l l a ry da ta have been e m p l o y e d f o r the ana lys i s . 
A G I S b a s e d m e t h o d o l o g y has been d e v e l o p e d f o r t h e i n t e g r a t i o n 
of d i f f e r e n t phys i ca l p a r a m e t e r s ( so i l , p h y s i o g r a p h y s l o p e , land use 
e tc . ) and g e n e r a t i o n of u rban d e v e l o p m e n t un i t . T h e su i t ab i l i t y 
m a p p r e p a r e d u s ing r e m o t e s e n s i n g and GIS t e c h n i q u e s had a lso 
s e r v e d as a subse t fo r the p r e p a r a t i o n of a M a s t e r P l a n of the city ' '^ 
R a s h i d ( 1 9 9 2 ) ca r r i ed out " S i t e S u i t a b i l i t y a n a l y s i s fo r Urban 
D e v e l o p m e n t " to m a k e i n v e n t o r y of v a c a n t l and us ing aer ia l 
p h o t o g r a p h s of 1987. The land r e q u i r e m e n t s of the a rea was 
i d e n t i f i e d to p r e p a r e a su i t ab i l i t y r a t i n g m a p of land qua l i ty 
p a r a m e t e r s , fo r u r b a n use of v a c a n t l and e tc . T h e t e r r a i n a t t r i b u t e s 
l ike soi l d e p t h , soi l t e x t u r e , s lope , d r a i n a g e e r o s i o n , a c c e s s i b i l i t y , 
p r i c e of l and have been t a k e n in to a c c o u n t . S u i t a b i l i t y l eve l s w e r e 
f i x e d to i d e n t i f y v a c a n t land fo r u r b a n d e v e l o p m e n t . The m a j o r 
f i n d i n g s w e r e the f a l l o w lands at f r i n g e a rea w e r e b e i n g c o n v e r t e d 
to bu i l t up lands and s l ope of the a rea is t he m a j o r f a c t o r in 
l i m i t i n g the g r o w t h of the ci ty" . 
S h u k l a , M o i t r a and D h u i a n ( 1 9 9 2 ) a t t e m p t e d to m o n i t o r the 
u r b a n s p r a w l of A l l a h a b a d ci ty and a l so to a n a l y s i s the loss of 
f e r t i l e a g r i c u l t u r a l l and c a u s e d by the e x p a n d i n g ci ty o v e r the last 
Pathan, S.K. et.al (1992) "Urban Land use Suitability Anaiysis-A case study of Calcutta 
Metropoli tan Area", ISRS Journal, Vol. 20, No. 283, p.73-84. 
Rashid, S.M., 1992, "Site Suitability Analysis for Urban development" . Unpublished Project Report, 
H U S A G , IIRS, Dehra Dun, p.20. 
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1986 and 1988 and the va r i a t ion w e r e r e c o r d e d . T h e dot gr id 
m e t h o d was f o l l o w e d for area measuremen t"^ . 
Wi th i n c r e a s i n g u r b a n i s a t i o n , t h e r e is a g r o w i n g need for 
u r b a n a rea ana lys i s and to i d e n t i f y the v a c a n t a r ea w h e r e f u t u r e 
d e v e l o p m e n t can t ake p l ace . Aer i a l p h o t o g r a p h s w i t h the i r synop t i c 
v i e w p r o v i d e the n e c e s s a r y input in t e r m s of t h e e x i s t i n g land use . 
R e m o t e s e n s i n g t e c h n i q u e c o u p l e d w i th G e o g r a p h i c a l I n f o r m a t i o n 
S y s t e m can p lay an i m p o r t a n t ro le and o f f e r m o r e e f f i c i e n t m e a n s 
of o b t a i n i n g t h e m a t i c i n f o r m a t i o n and m a k i n g an a s s e s s m e n t of 
a r e a s fo r f u t u r e d e v e l o p m e n t . S h a r m a ( 1 9 9 3 ) had ca r r i ed out 
s u i t a b i l i t y a n a l y s i s s tudy for S a h a r a n p u r ci ty and f o u n d out that 
t he m e t h o d has p r o v e d to be e c o n o m i c a l , a c c u r a t e and t ime 
2 s a v i n g 
T i m e l y a c c u r a t e and r e p e t i t i v e da ta on p h y s i c a l g rowth 
p a t t e r n and d e v e l o p m e n t t r end of u r b a n a reas h e l p p l a n n e r and 
a d m i n i s t r a t o r s in f o r m u l a t i n g d e v e l o p m e n t p l a n s f o r m a i n t a i n i n g 
the e n v i r o n m e n t and qua l i ty of l i f e . It is in th i s c o n t e x t , tha t the 
u r b a n sp rawl and land use s u i t a b i l i t y a n a l y s i s of G u w a h a t i ci ty was 
d o n e by T h a k u r and G o s w a m i ( 1 9 9 3 ) to e v a l u a t e t h e su i t ab i l i t y of 
land for u r b a n i s a t i o n and to m o n i t o r the g r o w t h of b u i l t - u p land 
fo r the p u r p o s e of f u t u r e p l a n n i n g . The u r b a n s p r a w l map was 
p r e p a r e d u s ing m u l t i - d a t e SOI t o p o g r a p h i c a l m a p s and sa te l l i t e 
da t a of 191 1, 1968 and 1990 to d e p i c t t he d e t a i l s on phys i ca l 
" Hooda, R.S. and M.L. Manchanada (1992) "Moni tor ing Urban Sprawl of Hisar Town using Satellite 
Data", National Resources Management-A new perspective, Karale R.L. (ed.), N I N R M S , Bangalore, p 
382-285. 
' ' Shanna , Kishori Lai, (1993) "An Inventory of Vacant Land and Suitability for Urban Development 
of Saharanpur City (using Remote Sensing and C I S techniques" Unpubl ished Project Report, HUSAG, 
I IRS Dehra Dun, p. 1 (Part i). 
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1986 and 1988 and the v a r i a t i o n w e r e r e c o r d e d . The dot gr id 
m e t h o d was f o l l o w e d for a rea m e a s u r e m e n t ^ ^ 
Wi th i n c r e a s i n g u r b a n i s a t i o n , t h e r e is a g r o w i n g need for 
u r b a n a rea ana lys i s and to i d e n t i f y the v a c a n t a r ea w h e r e f u t u r e 
d e v e l o p m e n t can t ake p l a c e . A e r i a l p h o t o g r a p h s w i t h the i r s y n o p t i c 
v i e w p r o v i d e the n e c e s s a r y inpu t in t e r m s of t h e e x i s t i n g land use . 
R e m o t e s e n s i n g t e c h n i q u e c o u p l e d w i th G e o g r a p h i c a l I n f o r m a t i o n 
S y s t e m can p lay an i m p o r t a n t ro l e and o f f e r m o r e e f f i c i e n t m e a n s 
of o b t a i n i n g t h e m a t i c i n f o r m a t i o n and m a k i n g an a s s e s s m e n t of 
a r e a s f o r f u t u r e d e v e l o p m e n t . S h a r m a ( 1 9 9 3 ) had ca r r i ed out 
s u i t a b i l i t y ana lys i s s tudy f o r S a h a r a n p u r c i ty and f o u n d out that 
t he m e t h o d has p r o v e d to be e c o n o m i c a l , a c c u r a t e and t ime 
s a v i n g ^ ^ . 
T i m e l y a c c u r a t e and r e p e t i t i v e da ta on p h y s i c a l g r o w t h 
p a t t e r n and d e v e l o p m e n t t r e n d of u r b a n a reas h e l p p l a n n e r and 
a d m i n i s t r a t o r s in f o r m u l a t i n g d e v e l o p m e n t p l a n s f o r m a i n t a i n i n g 
the e n v i r o n m e n t and qua l i t y of l i f e . It is in th i s c o n t e x t , t ha t t he 
u r b a n s p r a w l and land u s e s u i t a b i l i t y a n a l y s i s of G u w a h a t i ci ty w a s 
d o n e by T h a k u r and G o s w a m i ( 1 9 9 3 ) to e v a l u a t e the su i t ab i l i t y of 
land f o r u r b a n i s a t i o n and to m o n i t o r the g r o w t h of b u i l t - u p land 
f o r the p u r p o s e of f u t u r e p l a n n i n g . The u r b a n s p r a w l m a p w a s 
p r e p a r e d u s i n g m u l t i - d a t e SOI t o p o g r a p h i c a l m a p s and s a t e l l i t e 
da t a of 191 1, 1968 and 1990 to d e p i c t the d e t a i l s on p h y s i c a l 
" Hooda, R.S. and M.L. Manchanada (1992) "Moni tor ing Urban Sprawl of Hisar Town using Satellite 
Data", National Resources Management-A new perspective, Karale R.L. (ed.), N I N R M S , Bangalore, p 
382-285. 
Sharma, Kishori Lai, (1993) "An Inventory of Vacant Land and Suitability for Urban Development 
of Saharanpur City (using Remote Sensing and C I S techniques" Unpubl ished Project Report, HUSAG, 
IIRS D e h r a D u n , p. 1 (Part 1). 
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the i n t e g r a t i o n of r e m o t e s e n s i n g da ta can g ive m o r e f r u i t f u l 
r e s L i i t s ^ ^ 
B h a t i a ' s s tudy on J a m m u City ( 1 9 9 5 ) a m p l y p r o v e d the 
e f f i c a c y of r e m o t e s ens ing and GIS t e c h n i q u e s f o r u r b a n land use 
p l a n n i n g . The p r e v a i l i n g s i t ua t ion of r a p i d u r b a n i s a t i o n and fas t 
r u r a l and u rban i m m i g r a t i o n r e su l t i ng in s p o n t a n e o u s s e t t l e m e n t s . 
R e m o t e s e n s i n g da ta wi th GIS t e c h n i q u e s can p r o v i d e i m m e d i a t e 
s o u l u t i o n s to the u rban rura l and r e g i o n a l p l a n n i n g and h u g e 
p o s s i b i l i t i e s of da ta g e n e r a t i o n for p l a n i m p l e m e n t a t i o n . U r b a n 
s p r a w l m a p for the year 1995 for . lammu has b e e n p r e p a r e d us ing 
t e m p o r a l r e m o t e s e n s i n g data . O v e r l a y s w e r e p r e p a r e d and then 
d i g i t i z e d u s ing U S E M A P s o f t w a r e . B u i l t up a r ea of d i f f e r e n t yea r s 
is c o m p a r e d wi th the p r o x i m i t y z o n e s of the m a j o r r o a d n e t w o r k to 
u n d e r s t a n d the t r end of d e v e l o p m e n t w i t h r e s p e c t to road 
network^^. 
A su i t ab i l i t y mode l has been d e v e l o p e d by M i s h r a and 
M o h a n t y ( 1 9 9 5 ) to e v a l u a t e the B h u b a n e s w a r D e v e l o p m e n t . 
A u t h o r i t y a rea for f u t u r e d e v e l o p m e n t c o n s i d e r i n g the p r e s e n t 
t r e n d of g r o w t h and e s t i m a t e d f u t u r e d e m a n d . U S E M A P GIS was 
u s e d to s tudy the p h y s i c a l s u i t a b i l i t y a n a l y s i s . An a spec t 
s u i t a b i l i t y mode l was d e v e l o p e d by u t i l i z i n g t h e spa t i a l d a t a b a s e 
a f t e r m a k i n g su i t ab i l i t y r a n k i n g and n o r m a l i z a t i o n of each a spec t 
Prabhakar, Madhukar, (1995) " Land use Land cover Mapping of Jammu city and its environs using 
Satellite Data and GIS Techniques" (Part 11 _ Identification and select ions of New location for 
Development of Residential Areas in Jammu using Satellite data and GIS) Unpublished Project Report, 
H U S A G , IIRS, D e h r a D u n , p.l. 
" Bhutia, Chandu, (1995) " Land use /Land cover Mapping of Jammu City and its Environs using 
Satellites Data and GIS Techniques" (part 1- Growth profi le of Jammu city using satellite data and GIS 
techniques for Identification and Mapping of Slums and Squatter Settlements) Unpublished Project 
Report , HRSAG, IIRS, Dehra Dun. P. 2. 
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the i n t e g r a t i o n of r e m o t e s e n s i n g da ta can g ive m o r e f r u i t f u l 
resu i t s^^ 
B h a t i a ' s s tudy on J a m m u City ( 1 9 9 5 ) a m p l y p r o v e d the 
e f f i c a c y of r e m o t e s e n s i n g and GIS t e c h n i q u e s f o r u rban land use 
p l a n n i n g . The p r e v a i l i n g s i t ua t ion of rap id u r b a n i s a t i o n and fas t 
ru ra l and u r b a n i m m i g r a t i o n r e s u l t i n g in s p o n t a n e o u s s e t t l e m e n t s . 
R e m o t e s e n s i n g da ta wi th GIS t e c h n i q u e s can p r o v i d e i m m e d i a t e 
s o u l u t i o n s to the u rban rura l and r e g i o n a l p l a n n i n g and h u g e 
p o s s i b i l i t i e s of da ta g e n e r a t i o n for p l an i m p l e m e n t a t i o n . U r b a n 
s p r a w l m a p fo r the year 1995 for J a m m u has b e e n p r e p a r e d u s i n g 
t e m p o r a l r e m o t e s e n s i n g da ta . O v e r l a y s w e r e p r e p a r p d and then 
d i g i t i z e d u s i n g U S E M A P s o f t w a r e . Bu i l t up a r ea of d i f f e r e n t yea r s 
is c o m p a r e d w i t h the p r o x i m i t y zones of the m a j o r road n e t w o r k to 
u n d e r s t a n d the t r end of d e v e l o p m e n t w i th r e s p e c t to road 
network^^. 
A s u i t a b i l i t y m o d e l has been d e v e l o p e d by M i s h r a and 
M o h a n t y ( 1 9 9 5 ) to e v a l u a t e the B h u b a n e s w a r D e v e l o p m e n t . 
A u t h o r i t y a rea fo r f u t u r e d e v e l o p m e n t c o n s i d e r i n g the p r e s e n t 
t r end of g r o w t h and e s t i m a t e d f u t u r e d e m a n d . U S E M A P GIS was 
used to s tudy the p h y s i c a l su i t ab i l i t y a n a l y s i s . An a spec t 
s u i t a b i l i t y m o d e l w a s d e v e l o p e d by u t i l i z i n g the spa t i a l d a t a b a s e 
a f t e r m a k i n g s u i t a b i l i t y r a n k i n g and n o r m a l i z a t i o n of each aspec t 
Prabhakar, Madhukar , (1995) " Land use Land cover Mapping of Jammu city and its environs using 
Satellite Data and GIS Tecliniques" (Part II _ Identification and selections of New location for 
Development of Residential Areas in Jammu using Satellite data and GIS) Unpublished Project Report, 
H U S A G , IIRS, Dehra Dun, p.l. 
" Bhutia, Chandu, (1995) " Land use /Land cover Mapping of Jammu City and its Environs using 
Satellites Data and GIS Techniques" (part 1- Growth profile of Jammu city using satellite data and GIS 
techniques for Identification and Mapping of Slums and Squatter Settlements) Unpublished Project 
Report, HRSAG, IIRS, Dehra Dun. P. 2. 
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m a p . T h e f inal su i t ab i l i t y mode l was c o m p a r e d with land 
o w n e r s h i p da ta and c a t c h m e n t area a n a l y s i s w a s d o n e to s tudy the 
d i s t r i b u t i o n of su i t ab l e zones . 
C h o p r a et. al . , ( 1 9 9 5 ) have p r e p a r e d land use , d r a i n a g e , 
h y d r o g e o m o r p h o l o g y , r e l i e f , f l ood p r o n e a r e a s and t r a n s p o r t 
n e t w o r k m a p s u s ing bo th a i r b o r n e as we l l as s p a c e b o r n e da ta . The 
s t u d y d e m o n s t r a t e s the u s e f u l n e s s of the r e m o t e l y s e n s e d da ta for 
r e s o u r c e su rveys for u r b a n p l a n n i n g . T h e i n t e g r a t e d a p p r o a c h 
b a s e d on t he se m a p s he lps in d e t e r m i n i n g the su i t ab i l i t y 
p a r a m e t e r s of the a rea for u rban d e v e l o p m e n t . On the bas i s of 
t h e m a t i c i n f o r m a t i o n , s i te su i t ab i l i t y e v a l u a t i o n has been a t t e m p t e d 
f o r the p r o p o s e d new t o w n s h i p . The s tudy i n d i c a t e s that the a rea 
c o v e r e d by s t r uc tu r a l h i l l and p i e d m o n t p l a in is no t s u i t a b l e for 
h u m a n s e t t l e m e n t b e c a u s e of s l o p i n g t e r r a i n , the a l l u v i a l p l a in s are 
h i g h l y s u i t a b l e for the p r o p o s e d township^^. 
D i k s h i t ( 1 9 9 5 ) has p r e p a r e d u r b a n s p r a w l m a p of G a n d h i 
N a g a r w i th the he lp of r e m o t e s e n s i n g da t a , in th is s tudy 
t o p o g r a p h i c a l su rvey and aer ia l su rvey t e c h n i q u e h a v e been 
c o m p a r e d wi th r e m o t e s e n s i n g t e c h n i q u e . It has b e e n f o u n d tha t as 
the s p e e d y r e q u i r e m e n t s of u p d a t e d da ta c a n n o t be f u l f i l l e d bo th 
by the t o p o g r a p h i c a l as we l l as ae r i a l s u r v e y s , n o w the la tes t 
^^  Mishra, Dabaji t and P. R . Mohanty,(1995) " Site Suitability Model ing using Remote Sensing and 
GIS for Urban Extension in Biiubneswar City, " Proceedings of National Symposium on "Remote 
sensing of Environment with Extension in Bhubneswar City , " proceedings of National Symposium on 
"Remote sensing of Environment with especial emphasis on Green Revolut ion, " Nov . 22-24, a joint 
I S R S _ N N R M S publication, p. 202-209. 
Chopra, Raj iv et. Al, (1995), " Remote Sensing as an Indispensible tool for Residential Site Selection: 
A case study of proposed township near Chandigarh," Proceeding of National Symposium on "Remote 
Sensing of Environment with special emphasis on Green Revolut ion" Nov. 22-24, a joint ISRR-
N N R M S publications, p. 210-216. 
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t e c h n i q u e s of r e m o t e s e n s i n g t h r o u g h s a t e l l i t e i m a g e s b e c o m e s the 
o b v i o u s c h o i c e of p l a n n e r s and r e s e a r c h e r s to ca r ry out v a r i o u s 
s t u d i e s and a l so the d e v e l o p m e n t of u r b a n a r e a s . 
" U r b a n E x p a n s i o n T r e n d : A case s tudy of S a h r a n p u r City and 
its s u r r o u n d i n g s " has been c a r r i e d ou t by T a m r a k a r ( 1 9 9 6 ) to 
a s s e s s the g r o w t h of b u i l t - u p a rea w i th the h e l p of v a r i o u s ex i s t i ng 
m a p s and s a t e l l i t e images . Da ta w a s i n t e g r a t e d w i th GIS to p r e p a r e 
d i g i t a l c a r t o g r a p h i c m a p s to f ind out the t r e n d of u r b a n bui l t up 
a r e a . It has been f o u n d tha t the d i r e c t i o n of u r b a n e x p a n s i o n t r end 
in al l d i r e c t i o n of the city d e p e n d u p o n the p h y s i c a l na tu re of the 
t e r r a i n . As pe r the map , the u r b a n e x p a n s i o n is b e i n g o b s e r v e d in 
v e r t i c a l r a the r than h o r i z o n t a l direct ion '^ ' . 
" I d e n t i f i c a t i o n and S e l e c t i o n s of N e w L o c a t i o n s for Urban 
D e v e l o p m e n t u s ing Sa t e l l i t e D a t a and G I S " w a s ca r r i ed out by 
K o d i k a r a ( 1 9 9 6 ) for S a h a r a n p u r C i ty . T a k i n g in to a c c o u n t 
o b j e c t i v e and scope of the s tudy , the s u i t a b i l i t y of new a reas for 
f u t u r e r e s i d e n t i a l p u r p o s e has been a s s e s s e d b a s e d on se l ec t ed f ive 
p a r a m e t e r s of soi l , a c c e s s i b i l i t y , f l o o d h a z a r d , d r a i n a g e , w a t e r 
t a b l e d e p t h e tc . i n t e g r a t i o n and s u b t r a c t i o n of i n f o r m a t i o n for 
s e l e c t i n g su i t ab l e a reas fo r u r b a n u se s w e r e done u s ing 
I N T E R S E C T I O N , U N I O N and S U B T R A C T I O N c o m m a n d s in 
A r c / I n f o GIS s o f t w a r e . F i n a l l y , s u i t a b i l i t y has b e e n d e f i n e d to two 
c l a s s e s as s u i t a b l e and not s u i t a b l e . D e r i v e d s u i t a b i l i t y map was 
Dikshit, N.G . (1995), " Gandhinagar. An Analysis of its Urban Sprawl through the techniques of 
Remote Sensing, " The Geographer, vol. XLII, No. 1, January, p.29-30. 
Teinrakar, Trilok Man (1996) " Urban Expansion Trend: A case study of Saharanpur City and its 
Surroundings," unpublished Project report, C S S T E - A P (UN) Dehra Dun, p. 11,18. 
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o v e r l a y e d on p r o p o s e d mas t e r plan of 1 9 8 5 - 2 0 0 1 and c o m p a r e d the 
c h a n g e s and s e l ec t ed su i t ab l e lands for d i f f e r e n t u se s 
L u c k n o w Urban Sprawl map for 1 9 7 2 - 9 2 and land use / land 
c o v e r m a p for 1992 w e r e p r e p a r e d f r o m t h e s a t e l l i t e i m a g e s of 
d i f f e r e n t t ime p e r i o d s by T a r a g i and P u n d i r ( 1 9 9 7 ) in the i r s tudy 
" U s e of Sa t e l l i t e Da ta in U r b a n Sp rawl and L a n d U s e S t u d i e s - A 
c a s e of L u c k n o w Ci ty" . They c o n c l u d e d tha t s a t e l l i t e da ta help 
s i g n i f i c a n t l y in d e m a r c a t i n g the u rban s p r a w l and land use / land 
c o v e r of any area . Fu r the r u s ing d i f f e r e n t t i m e p e r i o d i m a g e s it is 
p o s s i b l e to m o n i t o r the u rban g r o w t h and c h a n g e s in land use^^ 
P a l a n i y a n d i and N a g a r a t h i n a m ( 1 9 7 7 ) c a r r i e d out c h a n g e 
d e t e c t i o n s tudy of T h i r u v a l l u r a rea . T h e m e t h o d o l o g y was a d o p t e d 
l ike t h i s : land u s e / l a n d cove r c l a s s e s in T h i r u v a l l u r a rea of 
C h e n g a i - M G R d i s t r i c t in Tami l N a d u d u r i n g t h e y e a r s 1986-90 
w e r e m a p p e d t h r o u g h v i sua l i n t e r p r e t a t i o n of L A N D S A T - 5 T M and 
I R S - I A L I S S - I I images over space and t i m e . In t h e s tudy a rea , it is 
o b s e r v e d tha t the bu i l t - up a rea and the a g r i c u l t u r a l land use 
e x t e n s i o n s are on the u p w a r d t r end , w h e r e a s t h e a r e a u n d e r f o r e s t 
and w a s t e l a n d has s h o w n a d e c l i n i n g t r e n d , c a u s e d by both 
i n c r e a s i n g p o p u l a t i o n and r e l a t e d t r e n d s in o t h e r p a r a m e t e r s . The 
s y s t e m d e v i s e d t h r o u g h the s tudy has t hus b e e n a b l e to d e t e c t the 
Kodikara , Smith (1996) " Identifications and Selection of New Locat ion for Urban Development 
using Satellite Data & G I S — A case study of Saharanpur City" Unpubl i shed Project Report, CSSTE-
A P (UN), Dehra Dun, p. 16. 
" Taragi, R. C and P.P.S.Pundir (1997), " Use of Satellite Data in Urhan Sprawl and Land use Studied 
- A case o Lucknow City" OSRS Journal, June, Vol. 25, No2, p . I I 3 - 1 1 2 . 
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c h a n g e s in the land use and land c o v e r c l a s s e s d u r i n g the se l ec ted 
t i m e p e r i o d s ' ^ 
K h a n (1998) in his s tudy a t t e m p t e d to d e m o n s t r a t e the 
u s e f u l n e s s of r e m o t e s e n s i n g and GIS t e c h n i q u e s f o r the s tudy of 
l and use / land cover pa t t e rn and its s p a t i a l d i s t r i b u t i o n . I n f a c t , 
u r b a n g r o w t h , sp r awl , u r b a n land use m a p p i n g , u p d a t i n g , c h a n g e 
d e t e c t i o n and ana lys i s have b e c o m e m o r e e a s i e r due to the 
a v a i l a b i l i t y of m u l t i - d a t e da ta . A b o v e ail one m o r e i m p o r t a n t 
a d v a n t a g e of th is da ta is the u n b i a s e d r e c o r d of c h a n g e at any 
g i v e n po in t of t ime . I n t e g r a t i o n of t h e s e da t a a l o n g wi th da ta sets 
in G I S e n v i r o n m e n t g ives u n i q u e c o m b i n a t i o n s of c h a r a c t e r i s t i c s . 
T h e f i n d i n g s w e r e that due to u r b a n s p r a w l lot of c h a n g e s in bu i l t -
up l ands ma in ly in u rban a rea , a g r i c u l t u r a l l and , w a s t e l a n d , fo re s t 
a rea and w a t e r - b o d i e s h a v e t a k e n p l a c e . T h e loss of ag r i cu l t u r a l 
land has r e su l t ed in i n c r e a s e in bu i l t up a r ea as we l l as was t e 
l a n d s ' \ 
Y o g e s h , e t .a l ( 1 9 9 8 ) c a r r i e d ou t c h a n g e d e t e c t i o n s tudy at 
m i c r o l e v e l in w h i c h land u s e / l a n d c o v e r c l a s s e s in K o t h a p a l l e 
v i l l a g e of Eas t G o d a v a r i D i s t r i c t , AP w e r e m a p p e d t h r o u g h v i sua l 
i n t e r p r e t a t i o n of I R S - I C ( L I S S I I I + P A N ) and I R S - I B L I S S - I I 
i m a g e s fo r c h a n g e d e t e c t i o n ove r the t i m e p e r i o d of 1988 to 1996. 
In the s tudy it is o b s e r v e d tha t t he b u i l t - u p and p l a n t a t i o n a r ea s are 
on the u p w a r d t r end , w h e r e a s the a g r i c u l t u r e and w a t e r b o d i e s have 
Planiyandi, M, and V . Nagarathinam (1997) " Land use / Land cover Mapping and Change 
Detection using Space Borne Data , " ISRS Journal, 25. L, p. 27. 
' ' Komal, Juned Khan, (1998), "Urban Sprawl and Environmental Change in South Delhi using 
Remote Sensing and GIS techniques". Unpublished Project Report , H U S A G , IIRS, DehraDun, p.4
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s h o w n a d e c l i n i n g t r end wh ich have been a t t r i b u t e d to i n c r e a s i n g 
p o p u l a t i o n and re la ted ac t i v i t i e s . The a rea s t a t i s t i c s have been 
d e r i v e d f r o m sa t e l l i t e data and are m o d e l e d t h r o u g h A r c / I n f o GIS . 
T h e r e su l t s u g g e s t s that GIS in c o n j u n c t i o n w i t h r e m o t e s e n s i n g 
f o r m s an e f f e c t i v e tool in g e n e r a t i n g t e m p o r a l c h a n g e m a p s of the 
s t u d y a rea ' " . 
An a t t e m p t has been m a d e by V i r l l ey ( 1 9 8 8 ) in u s i n g sa t e l l i t e 
i m a g e s and GIS t e c h n i q u e to m a k e an i n v e n t o r y of land u s e / l a n d 
c o v e r t ype and m o n i t o r g r o w t h p a t t e r n s of S o u t h D e l h i a rea . F r o m 
the p r e s e n t s tudy it can be de r ived tha t the c i ty h a s g rown at a 
f a s t e r r a t e spec i a l l y d u r i n g 1965-85 . M o s t of t h e g r o w t h has been 
c o n f i n e d t o w a r d s sou th d i r e c t i o n . O b v i o u s c h a n g e s in u rban as 
w e l l as ru ra l land uses are n o t i c e d . U r b a n a r e a s are b e c o m i n g 
d e n s e and p u s h i n g the p o p u l a t i o n t o w a r d s the o u t e r per iphery"^. 
B h u v a n e s w a r i ( 1 9 9 8 ) ca r r i ed out h e r s tudy of J a m m u 
and its e n v i r o n s . The m a j o r r e c o m m e n d a t i o n s of the s tudy are that 
s a t e l l i t e i m a g e s w e r e f o u n d to be u s e f u l fo r i n t e r p r e t a t i o n of the 
l and use m a p s . S ince a l a rge r a rea is c o v e r e d , t h u s p r o v i d i n g a 
s y n o p t i c v i e w and in near rea l t ime w i th a f a i r a m o u n t of a c c u r a c y . 
E m p l o y i n g GIS t e c h n i q u e for su i t ab l e s i te s e l e c t i o n a n a l y s i s wi th 
t h e h e l p of A r c / I n f o and E A S I / P a c e s o f t w a r e f o r p r o v i d i n g only a 
g e n e r a l i dea abou t the su i t ab l e and u n s u i t a b l e a r e a s d u e to the 
s c a l e f a c t o r w a s f o u n d to be very u s e f u l . In t h e s tudy it was 
Kant Yogesh, et.al (1998) "Change Detection at Micro level of landuse / land cover using Remote 
Sensing Data", Conference Proceedings of "Remote Sensing and Geographical Information System for 
Natural Resource M a n a g e m e n f , ISRS and N N R M S publication, p. 65. 
Virlley Mohini (1988) "Remote Sensing Application in landuse / land cover mapping and Urban 
Expansion study tlrrough GIS: A case study of South Delhi", Unpubl ished Project Report, HUSAG, 
IIRS, DehraDun, p. 35. 
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s u g g e s t e d tha t mos t of the m o d e r a t e l y s u i t a b l e land shou ld be 
u t i l i z e d for the p u r p o s e of u r b a n d e v e l o p m e n t of r e s i d e n t i a l site^^. 
P a n d e y ( 1 9 9 8 ) has ca r r i ed out s i t e s u i t a b i l i t y ana lys i s for 
Sou th D e l h i a rea . In the s tudy an a t t e m p t has b e e n m a d e to f i nd out 
the s t r e s s of u r b a n d e v e l o p m e n t on non u r b a n l and , n a m e l y v a c a n t , 
f a l l o w and s c rub l ands . D u e to the s u i t a b i l i t y of t h e s e l ands for 
u r b a n d e v e l o p m e n t , in near f u t u r e t h e s e l ands wi l l be c o n v e r t e d to 
u r b a n land uses . To p r e v e n t c o n v e r s i o n of t h e s e l and , p l a n n i n g 
p o l i c y is to be t h o u g h t of or if d e v e l o p m e n t is a l l o w e d p r o p e r p lan 
has to be m a d e b e f o r e the d e v e l o p m e n t t a k e s p l a c e . It has been 
c o n c l u d e d tha t s a t e l l i t e r e m o t e s e n s i n g t e c h n i q u e h a v e p r o v e d very 
e f f e c t i v e and u s e f u l fo r m a p p i n g , m o n i t o r i n g and m a n a g e m e n t of 
u r b a n deve lopment ' ' ' ' . 
In he r s tudy S a r a n t u y a ( 1 9 9 9 ) i n c o r p o r a t e d r e m o t e s e n s i n g 
and GIS t e c h n i q u e s to de t ec t the land use c h a n g e s in D e h r a D u n 
c i ty . S a t e l l i t e i m a g e s of I R S - l A - 1 9 8 9 , I R S - l C - 1 9 9 6 and I R S - I D -
1998 and t o p o g r a p h i c a l map of the yea r 1965 w e r e used for 
m a p p i n g the u r b a n s p r a w l . The i m a g e s w e r e v i s u a l l y i n t e r p r e t e d on 
a s c a l e of 1 :50 ,000 and then c h e c k e d in the f i e l d . A n u r b a n s p r a w l 
m a p of 1965 to 1998 w a s p r e p a r e d . N i n e m a p s d e p i c t i n g the u r b a n 
s p r a w l of D e h r a D u n Ci ty in a n o n - c o n t i n u o u s m a n n e r , s h o w i n g 
tha t t he d e v e l o p m e n t is d i s p e r s e d , w e r e a l so p r e p a r e d . T h e s e m a p s 
^^  Bhuvansewari , B. (1998) "Management Planning for Jammu and its Environs using Remote Sensing 
and GIS Technique" , Unpublished Project Report, H U S A G , IIRS, DehraDun, p. 35-36. 
" Pandey, D.K. (1998) "Site Suitability Model ing using satellites Remote Sensing and GIS for Urban 
Development in South Delhi", Unpublished Project Report, H U S A G , IIRS, DehraDun p, 22-23. 
w 
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ere used to c rea t e a d a t a b a s e in I L W I S GIS s o f t w a r e for 
analysis '" ' . 
Land use / land cover c h a n g e s ove r a p e r i o d of 30 years were 
s t u d i e d by J a i swa l et .al ( 1999) u s ing r e m o t e s e n s i n g t e c h n o l o g y in 
a pa r t of G o h p a r u B lock , Shahdo l d i s t r i c t of M . P . T h e maps were 
p r e p a r e d by rura l i n t e r p r e t a t i o n of t w o p e r i o d r e m o t e l y sensed 
da t a . P o s t - c l a s s i f i c a t i o n c o m p a r i s o n t e c h n i q u e w a s a d o p t e d for the 
p u r p o s e . The s tudy r e v e a l e d tha t s y n e r g i s t i c u s e of SOI 
t o p o g r a p h i c a l m a p s and r e m o t e s e n s i n g da ta c o u l d be c o n v e n i e n t l y 
used to de t ec t the c h a n g e s in land u s e / l a n d c o v e r . H o w e v e r , the 
a c c u r a c y of r e su l t s d e p e n d s on the i n d i v i d u a l a c c u r a c y level of the 
t w o d i f f e r e n t da ta s o u r c e s and in te rpre ta t ion '^ ' . 
R a h m a n e t .a l , ( 1 9 9 9 ) c a r r i e d out " S i t e S u i t a b i l i t y A n a l y s i s 
f o r S a t e l l i t e T o w n of C h a n d i g a r h " w h i c h e m p l o y s the m e t h o d s of 
c o m b i n i n g m u l t i p l e m a p s for e m p i r i c a l m o d e l i n g in a GIS 
e n v i r o n m e n t . Seve ra l a p p r o a c h e s to a n a l y s e m u l t i p l e t h e m a t i c 
m a p s ( B o o l e n L o g i c m o d e l s , B i n a r y e v i d e n c e m a p s , I n d e x ove r l ay 
w i t h m u l t i p l e c lass m a p , f u z z y log ic m e t h o d e t c . ) w e r e u sed as 
t o o l s fo r m a p ana lys i s . B e i n g hi l ly in n a t u r e t h e a r ea u n d e r h igh ly 
s u i t a b l e c l a s s c o m e s out ve ry sma l l , w h i c h l im i t s t h e a v a i l a b l e a rea 
f o r f u t u r e d e v e l o p m e n t . T h i s c lass c a n n o t o f f e r m a x i m u m b e n e f i t s 
Sarantuya, Gonchigjaviin (1999) "Landuse / Land cover Change Detection, Urban Sprawl Mapping 
and Growth Analysis of DehraDun city using Remote Sensing and GIS" , Unpublished Project Report, 
C S S T 6 - A P (UN), DehraDun p, 20, 
"" Jaiswal, Rajeev Kumar, et.al (1999) "Application of Remote Sensing Technology for landuse / land 
cover change Analysis", ISRS Journal, Vol. 27 No.2 June p. 123-128. 
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for the f u l f i l l m e n t of the d e m a n d for the f u t u r e . But the su i t ab l e 
c l a s s c o v e r s m o r e area wi th very mino r limitations'*^. 
M i n a k s h i and Sha rma ( 1 9 9 9 ) c o l l e c t e d land use i n f o r m a t i o n 
of D e h l o n Block of L u d h i a n a d i s t r i c t , P u n j a b f r o m the ana lys i s of 
the I R S - I B - L I S S - I I data for the year 1993, I R S - I C P A N for 1997 
and SOI t o p o shee t fo r the year 1964 r e v e a l e d a l a rge c h a n g e in the 
a r ea of d i f f e r e n t land use c a t e g o r i e s d u r i n g the p e r i o d f r o m 1964 
to 1997. V i sua l i n t e r p r e t a t i o n of s a t e l l i t e da ta w a s ca r r i ed out 
u s i n g an i n t e r p r e t a t i o n key g e n e r a t e d t h r o u g h f i e ld su rvey . The 
b a s e m a p was de r ived f r o m SOI t o p o g r a p h i c a l m a p . G r o u n d c h e c k s 
w e r e m a d e for c o n f i r m i n g the land use u n i t s . The ana lys i s 
i n d i c a t e d tha t t he re had been a s l igh t i m p r o v e m e n t in the area 
u n d e r f o r e s t and a g r i c u l t u r a l p l a n t a t i o n . A s i g n i f i c a n t c h a n g e in 
the c r o p p i n g p a t t e r n has been o b s e r v e d in the b l o c k du r ing the 
p e r i o d f r o m 1964 to 1993, w h i c h d e p i c t s e x c e s s i v e i n c r e a s e in 
p o p u l a t i o n and h a b i t a t i o n s ize . The a rea u n d e r w a s t e land n e e d s to 
be b r o u g h t u n d e r p r o d u c t i o n immediately'*' ' . 
Thuy ( 1 9 9 9 ) ca r r i ed out " S i t e S u i t a b i l i t y A n a l y s i s for 
I n d u s t r i a l D e v e l o p m e n t in D e h r a D u n Ci ty and its s u r r o u n d i n g s 
u s i n g R e m o t e Sens ing and C I S " . P r e p a r e d t h e S i te map (vacan t 
l a n d ) f r o m the ex i s t i ng land use m a p of D e h r a D u n . T h e t h e m a t i c 
m a p s , l ike road n e t w o r k , g r o u n d w a t e r d r a i n a g e d e n s i t y map etc. 
w e r e c o n s i d e r e d in th i s s tudy as p h y s i c a l and e n v i r o n m e n t a l 
Rahman, Md. Mujibor (1999) "Site Suitability Analysis for Satellite Town of Chandigarh using CIS: 
A case study of Maj i i Block, Punjab", Unpublished Project Report, H U S A G , IIRS, Dehra Dun p, 30-34. 
Craukasi, Minakshi R and P.K. Sharma (1999) "Landuse/ land cover Mapp ing and Change Detection 
using Satellite Data-A case study of Dehlon Block, District Ludhiana, Pun jab" , ISRS Journal, Vol.27 
No.2 , June, p . l 15-121. 
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p a r a m e t e r s , w h i c h w o u l d take a f f e c t on the d e v e l o p m e n t of the 
i n d u s t r i e s . The ana lys i s in this s tudy in no t on ly app l i ed on the 
v a c a n t land but can a lso be app l i ed on any k ind of land use as long 
as it is c o n s i d e r e d as a s i te map . The s u i t a b i l i t y m a p of the s tudy 
s h o w s su i t ab i l i t y leve ls for i n d u s t r i a l d e v e l o p m e n t . The bes t 
s u i t a b l e c lass s h o w s the s i tes w h i c h are g e t t i n g m a x i m u m marks 
and the o u t p u t m a p is c l a s s i f i e d in to 3 c l a s s e s of h igh ly and 
m o d e r a t e l y s u i t a b l e and the u n s u i t a b l e class'^'^. 
R e m o t e s e n s i n g and GIS are the p r o m i s i n g t oo l s fo r c h a n g e 
d e t e c t i o n s t u d i e d . Rap id c h a n g e s , na tu r a l and h u m a n i n f l u e n c e in 
c o m m u n a l l ands of Z i m b a b w e have been a n a l y s e d by Kr i sha e t .a l 
( 1 9 9 9 ) u s ing t e m p o r a l s a t e l l i t e d ig i t a l da ta and c o m p a r e d the 
r e s u l t s of land cove r c l a s se s wi th N o r m a l i s e d D i f f e r e n c e 
V e g e t a t i o n I n d e x ( N D V I ) c l a s se s . L a n d c o v e r m a p s w e r e p r e s e n t e d 
in t h r e e d i m e n s i o n a l f o r m to h a v e be t t e r v i s u a l i s a t i o n w i th r e s p e c t 
to t e r r a i n . The c h a n g e of land c o v e r is q u a n t i f i e d u s i n g land c o v e r 
c h a n g e d e t e c t i o n m a t r i x and over all c h a n g e a s s e s s m e n t p r i n c i p l e . 
T h e s e c h a n g e s w e r e c o m p a r e d wi th N D V I c h a n g e s . T h e land cove r 
l aye r s of 1976, 1984 and 1994 h a v e been c r o s s t a b u l a t e d to m a k e 
land c o v e r c h a n g e d e t e c t i o n m a t r i x (or c o n f u s i o n m a t r i x ) f r o m 
1976 to 1984, 1976 to 1994 and 1984 to 1994^ \ 
Thuy Nauyen Dinh (1999) "Site Suitability Analysis for Industrial Deve lopment in DehraDun City 
and its surroundings using Remote Sensing and GIS", Unpublished Project Report , CSSTE-AP (UP) 
Dehra Dun p, 25. 
Krisha, N.D.R.-E. Westings and H. Huizing (1999) "Moni tor ing Land cover changes using 
Geoniformatics in some communal lands of Zimbabwe", Geoinformatics Beyond 2000, International 
conference Proceedings on "Geoinformatics for National Resource Assessment , Monitoring and 
Management" , 9-11 March, IIR and ITC, publication, p. 36-37. 
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Si te su i t ab i l i t y a n a l y s i s was ca r r i ed out fo r D e h r a D u n city on 
the bas i s of o v e r l a y i n g ail the t h e m a t i c layers by SUII ( 1 9 9 9 ) in 
his s t u d y , u s ing r e m o t e s e n s i n g and GIS t e c h n i q u e s . The su i t ab i l i t y 
a n a l y s i s w a s a c h i e v e d t h r o u g h two s t e p s : s c o r e s and w e i g h t of all 
the t h e m a t i c m a p s ( land use , so i l , g r o u n d w a t e r , f l ood h a z a r d s , 
s l o p e and road a c c e s s i b i l i t y ) . It has been s u g g e s t e d tha t f u r t h e r 
d e v e l o p m e n t of D e h r a Dun City wi l l p r o c e e d in the d i r e c t i o n of the 
n o r t h - w e s t and sou th e a s t e r n pa r t of the city'"'. 
K i r a n ( 1 9 9 9 ) ca r r i ed out h is s tudy u s ing I R S - I D and S P O T 
da ta . It c o m e s out f r o m his s tudy tha t r e m o t e s e n s i n g and GIS play 
an i m p o r t a n t ro l e in m o n i t o r i n g u rban g r o w t h and its a c t i v i t i e s . 
T h e a p p l i c a t i o n of s a t e l l i t e da ta has o p e n e d n e w a v e n u e s in 
c r e a t i n g d e t a i l e d u r b a n i n f o r m a t i o n s y s t e m to m o n i t o r the new 
u r b a n a c t i v i t i e s , w h i c h wi l l be u s e f u l fo r u r b a n p l a n n e r s . It is 
o b s e r v e d f r o m the s tudy tha t the ci ty is g r o w i n g f a s t as a r e su l t of 
m i g r a t i o n i n s p i t e of o u t w a r d d e v e l o p m e n t . T h e r e is a t e n d e n c y of 
h a p h a z a r d d e v e l o p m e n t in the m u n i c i p a l a rea of D e h r a D u n Ci ty , 
t h e r e f o r e , t h e r e is a n e e d fo r z o n i n g regula t ions '^^ 
In h is s tudy of R o o r k e e t o w n S h i v h a r a ( 2 0 0 0 ) u sed GIS 
t e c h n i q u e s a l o n g w i t h r e m o t e l y s e n s e d da ta and c a m e out wi th very 
r e l e v a n t r e s u l t s . The r e su l t s s h o w e d tha t the u r b a n g r o w t h t r e n d s 
can be m o n i t o r e d by u s i n g m u l t i - d a t e s a t e l l i t e da t a and GIS he lp 
p l a n n e r s to m a n i p u l a t e m a p a c c o r d i n g to the i r r e q u i r e m e n t w h i c h 
p r o v i d e v i t a l i n f o r m a t i o n fo r d r a f t i n g f u t u r e d e v e l o p m e n t p l a n s 
s u n Hong, (1999) "Site Suitability Analysis for Urban Development in DehraDun City using 
Remote Sensing GIS", Unpublished Project Report, CSSTE-AP, (UN) DehraDun p, 37. 
Kiran J. (1999) "Urban Sprawl study of DehraDun Municipal Area using Remote Sensing and GIS" 
unpublished M. Tech Project, Deptt. of Geo-Engineering, Andhra University, p.50. 
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and g u i d e l i n e s for tlie city d e v e l o p m e n t . A l thoug i i u r b a n e x p a n s i o n 
c a n n o t be r e s t r i c t e d but wi th p r o p e r m a n a g e m e n t and p l a n n i n g we 
can r e s t r i c t and d i r ec t th is e x p a n s i o n in d e s i r e d and s u s t a i n a b l e 
w a y , p r o t e c t i n g the f e r t i l e a g r i c u l t u r a l land''^. 
" L a n d use / land cover M a p p i n g and I d e n t i f i c a t i o n of 
S u i t a b l e S i te for F u t u r e D e v e l o p m e n t " has b e e n c a r r i e d out by 
D i e p ( 2 0 0 0 ) . The main aim of t h e s tudy was to m a k e land use / 
l and c o v e r m a p and to i d e n t i f y the s u i t a b l e s i t es f o r f u t u r e u rban 
d e v e l o p m e n t wi th the he lp of s a t e l l i t e m e r g e d da ta of I R S - I D 
( L I S S + P A N ) and GIS t e c h n i q u e s . The m e r g e d s p a t i a l r e s o l u t i o n of 
L I S S III w e r e f o u n d very u s e f u l fo r i d e n t i f i c a t i o n and 
i n t e r p r e t a t i o n of u rban land uses . V a c a n t land is p r o p o s e d as 
s u i t a b l e s i t e fo r f u t u r e d e v e l o p m e n t . T h e a rea of v a c a n t land f o u n d 
in C u t t a c k ci ty w h e n c o m p a r e d wi th the a rea e s t i m a t e d by r e m o t e 
s e n s i n g and G I S , was f o u n d a l m o s t c o r r e c t . T h e m a i n a c c e s s road , 
w h i c h is p a s s i n g t h r o u g h the p r o p o s e d v a c a n t land is c o n s i d e r e d as 
the p o s i t i v e p o i n t fo r the f u t u r e deve lopment ' ' ^ . 
T h e w o r k s c i ted a b o v e h a v e c e r t a i n l i m i t a t i o n s , s o m e of the 
s t u d i e s r e p r e s e n t a m i r c o level v i e w p o i n t the p a r a m e t e r s s e l ec t ed 
f o r m e a s u r i n g u r b a n i n f l u e n c e are ve ry f e w . In s o m e o the r s tud ie s 
t h e r e is a m i r c o leve l v i e w and too such g e n e r a l i s a t i o n on scan ty 
d a t a . M a n y of the r e s e a r c h e r s dea l w i t h e i t h e r s o c i a l , e c o n o m i c or 
d e m o g r a p h i c a s p e c t s . M o r e over , m o s t of the s t u d i e s did not use 
r e m o t e s e n s i n g da ta on so la rge sca le l ike in the p r e s e n t s tudy . In 
Shivhare, Narendra Kumar (2000) "Urban Sprawl Mapping and landuse distribution study, using 
Remote Sensing and GIS technique (A case study of Roorkee Town and its Environs) , Unpublisiied 
Project Report, H U S A G , lIRS, DehraDun p, 73-74. 
Diep, Nguyen Thi Hong, (2000) " Urban Sprawl Mapping and Identification of Suitable Sites for 
future Development - Cuttack City unpublished Project r epo r t , C S S T E - A P (UN) Dehra Dun p.24. 
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t he p r e s e n t s tudy the au tho r had t r i ed to o v e r c o m e these shor t 
c o m i n g s us ing both c o n v e n t i o n a l as wel l as m o d e r n da ta s o u r c e s . 
In s ix th chap t e r d ig i ta l i m a g e p r o c e s s i n g t e c h n i q u e s have 
b e e n e m p l o y e d on A l i g a r h d ig i t a l i m a g e . M a i n l y two i m p o r t a n t 
t e c h n i q u e s of d ig i t a l land use c l a s s i f i c a t i o n s and i m a g e f u s i o n 
h a v e been used to a n a l y s e the I R S - I D LISS III and I R S - I C ( P A N ) 
d ig i t a l i m a g e s . Some of the p r e v i o u s w o r k s d o n e in th is r ega rd 
h a v e b e e n p r e s e n t e d he re . 
i) D i g i t a l Land use C l a s s i f i c a t i o n 
With new g e n e r a t i o n of h igh r e s o l u t i o n s a t e l l i t e image ry , 
w h e r e the s i ze of the p ixe l a p p r o a c h e s the s i z e of the c o m p o n e n t s 
c o n s t i t u t i n g l a n d u s e c l a s s e s , e ach c o m p o n e n t wi l l e x h i b i t its own 
s p e c t r a l r e s p o n s e p a t t e r n . Th i s r e s u l t s in i n c r e a s e of spec t r a l 
v a r i a t i o n of every c lass , w h i c h t e n d s to r e d u c e the s e p a r a t i o n 
b e t w e e n the c l a s se s . M a n y s u b - c l a s s e s , w h i c h e a r l i e r w e r e not 
v i s i b l e due to coa r se r e s o l u t i o n , n o w m a y e m e r g e . C o n s e q u e n t l y , 
t h e c l a s s i f i c a t i o n a c c u r a c y wi l l be r e d u c e d . On t h e o the r h a n d , as 
the spa t i a l r e s o l u t i o n b e c o m e s f i n e r , t he n u m b e r of pu re p ixe l s 
i n c r e a s e s and the p e r c e n t a g e of m i x e d p i x e l s is r e d u c e d . Th i s leads 
to i m p r o v e m e n t in c l a s s i f i c a t i o n a c c u r a c y . T h u s , t he overa l l 
c l a s s i f i c a t i o n a c c u r a c y w i th h i g h - r e s o l u t i o n i m a g e r y wi l l be the 
r e s u l t of t h e s e a f o r e m e n t i o n e d t w o c o u n t e r a c t i n g f a c t o r s w h i c h 
v a r y as a f u n c t i o n of the loca l environment^®'^"'^^ 
Cushine, J.L. and Athinson, P., (1985) "Effec t of Spatial Filtering on scene noise and boundary detail 
in Thematic Mapper imagery", Phtogrammetric Engineering and Remote Sensing, 51, p. 1483-1493. 
Gastellu-Etchegorry, J.P. (1990) "An Assessment of Spot XS and Landsat MSS data for digital 
classifications of near-urban land cover" International Journal of Remote Sensing No. 11 p.225-23 5. 
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M a n y a p p r o a c h e s e m e r g e d in s o l v i n g c l a s s i f i c a t i o n p r o b l e m s 
by u s i n g da ta of d i f f e r e n t e n v i r o n m e n t s f r o m h i g h - r e s o l u t i o n 
s e n s o r s . For e x a m p l e , fo r spa t i a l ly c o m p l e x and spec t r a l l y mixed 
c l a s s e s , the c l a s s i f i c a t i o n a c c u r a c y is l ike ly to i m p r o v e if the 
s p a t i a l p r o p e r t i e s of c l a s ses cou ld be i n c o r p o r a t e d into the 
c l a s s i f i c a t i o n criteria^'^. 
T h e r e are two d i s t inc t types of m e t h o d s of a n a l y s i s wh ich 
u t i l i s e spa t i a l i n f o r m a t i o n f r o m an i m a g e i .e. r e g i o n - b a s e d and 
window-based^^'^' ' '^ '"^. The r e g i o n - b a s e d c l a s s i f i c a t i o n usua l ly 
i n v o l v e s two s t e p s : image s e g m e n t a t i o n and i m a g e l abe l i ng . The 
t y p e of c l a s s i f i c a t i o n m e t h o d is p a r t i c u l a r l y u s e f u l in c l a s s i f y i n g 
i m a g e s w i t h r e l a t i v e l y h o m o g e n e o u s s t r u c t u r e . T h i s a l l ows smal l 
n u m b e r of r e g i o n s to be e x t r a c t e d d u r i n g the s e g m e n t a t i o n p r o c e s s 
and h e n c e m a k i n g the r e g i o n l a b e l l i n g e a s i e r . H o w e v e r , this 
m e t h o d r e q u i r e s c o n s i d e r a b l e c o m p u t a t i o n w h e n u sed w i th i m a g e s 
h a v i n g h e t e r o g e n e o u s s t r u c t u r e l ike tha t of an u r b a n e n v i r o n m e n t . 
Toll, D.L. and Kennard, R.K., (1984) "Investigation of SPOT spectral and spatial characteristics for 
discriminating landuse and land cover in Prince George ' s County, Marryland" . In SPOT Simulation 
Applicat ion Handbook, Falls Church American Society for Photogrammetry, P. 165-170. 
Latty, R.S. Nelson Markham, B., Williams, D., Toll, D. and Irons J. (1985) "Performance 
comparisons between information extraction technique using variable spatial resolution data" 
Photogrammetr ic Engineering and Remote Sensing No. 51, p. 1159-1170. 
Lee, J. and Philpot, W. (1991) "Spectral Te,xture Pattern Matching: A Classifier for Digital imagery" 
IEEE Trans. On Geoscience and Remote Sensing, No. 29, p. 545-554. 
^^  Ketting, R.J. and Landgrebe, D.A. (1976) "Classification of multispectral image data by Extraction 
and Classification of homogeneous objects" IEEE Trans On Geoscience Electronics, GE. 14, p. 19-26. 
Landgrebe, D.A. (1980) "The development of a spatial classifier for earth observation data". Pattern 
Recognit ion, No. 12, p. 165-175. 
' ' Gong, P. and Howarth, P.J. (1990) "The use of spectral information for improving land cover 
classification accuracies at the rural urban fringe", Photogrammetr ic Engineer ing and Remote Sensing, 
No. 56, p. 67-73. 
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T h e w i n d o w - b a s e d a p p r o a c h for i n c o r p o r a t i n g spa t i a l i n f o r m a t i o n 
in a c l a s s i f i c a t i o n can be b r o a d l y d i v i d e d in to t h r e e groups^^. The 
f i r s t g r o u p cons i s t s of a p r e - c l a s s i f i c a t i o n a p p r o a c h . The second 
g r o u p i n v o l v e s p o s t - c l a s s i f i c a t i o n s p r o c e d u r e s tha t use log ica l 
f i l t e r s to r e d u c e no i se in the c l a s s i f i c a t i o n r e s u l t s . The pos t -
c l a s s i f i c a t i o n m e t h o d s t end to b ias the o u t c o m e of the c l a s s i f i e d 
r e s u l t s b e c a u s e they are a l w a y s in f a v o u r of a l a rge , c o m p a c t and 
r e g u l a r l y shaped c l a s s e s . The t h i rd g r o u p u s e s c o n t e x t u a l 
c las ' s i f i e r s . The c o n t e x t u a l c l a s s i f i e r s i n v o l v e u s i n g c o m p l e x 
p a r a m e t r i c m o d e l s wi th a s s u m p t i o n s tha t a re r a r e l y val id for 
r e m o t e l y s ensed da ta . T h e r e f o r e , t h e s e c l a s s i f i e r s may not p e r f o r m 
o p t i m a l l y . 
T w o k inds of a p p r o a c h e s h a v e e m e r g e d in the p re -
c l a s s i f i c a t i o n p r o c e d u r e to t a c k l e the p r o b l e m of r e d u c e d c lass 
s e p a r a b i l i t y in r e l a t i o n of the i n c r e a s e d i n t e r n a l variance^ ' ' . The 
f i r s t c o n s i s t s of a p p l y i n g m a t h e m a t i c a l t r a n s f o r m a t i o n to the 
o r i g i n a l da ta to r e m o v e the e x c e s s s p e c t r a l d e t a i l , w h i c h is 
c o n s i d e r e d as no i s e . T h e s e m e t h o d s h a v e , to s o m e e x t e n t , led to an 
i m p r o v e m e n t in c l a s s i f i c a t i o n a c c u r a c y . H o w e v e r , t h e s e m e t h o d s 
a t t e m p t to so lve the p r o b l e m of h i g h e r s p e c t r a l c o n f u s i o n by 
e l i m i n a t i n g par t of the i n f o r m a t i o n tha t is p r e s e n t in the i m a g e s . 
A v a i l a b i l i t y of h igh r e s o l u t i o n i m a g e r y has a l so r e s u l t e d in 
i n c l u s i o n of spa t i a l i n f o r m a t i o n by c l a s s i f y i n g t h e i m a g e s on pe r -
^^  Gong, P. and Howarth, P.J., (1989) "Performance analysis of Probabilist ic relaxation methods for 
land cover classification", Remote Sensing of Environment, No. 30, p, 33-34. 
Marceau, D.J, Howarth, P.J., Dubois, J .M. and Gratton, D,J., 1990 "Evaluat ion of the grey-level co-
occurrence matrix method for texture analysis" Earth-observation Laboratory, Institute for Space and 
terrestrial Science, Deptt. of Geography, University of Water loo, Ontario, Canada . 
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f i e ld ba s i s . Th i s is a l so k n o w n as the r e g i o n b a s e d or s e g m e n t 
b a s e d c l a s s i f i c a t i o n . The f i e l d - o r - r e g i o n b a s e d is d e s i r a b l e not 
on ly b e c a u s e a r eg ion as a w h o l e c o n t a i n s m o r e i n f o r m a t i o n than 
its i n d i v i d u a l p i x e l s , but a l so b e c a u s e r e g i o n s a re a t o m i c en t i t i e s 
for s t r u c t u r a l and s e m a n t i c a n a l y s i s in m i d d l e and h igh level 
vision' '" . The f i e l d - b a s e d a p p r o a c h a l so s a t i s f i e d the c o n d i t i o n of 
m i n i m u m m a p p i n g uni t w h e r e an i n d i v i d u a l f i e l d wi l l have more 
i n f o r m a t i o n such as s h a p e and s ize . H o w e v e r , th i s a p p r o a c h is 
c o m p u t a t i o n a l l y i n t e n s i v e c o m p a r e d to the p e r - p i x e l c l a s s i f i c a t i o n . 
P o s t - p r o c e s s i n g in the fou r of f u z z y c o n v o l u t i o n can be used to 
i m p r o v e the c l a s s i f i c a t i o n a c c u r a c y . V a r i o u s r e s e a r c h e r s have 
a d v o c a t e d use of f u z z y s t a t i s t i c s for the c l a s s i f i c a t i o n of r e m o t e l y 
s e n s e d imagery*^''^^"''""^''''. C a n n o n et .a l ( 1 9 8 6 ) c a r r i e d out one of 
e a r l i e s t r e s e a r c h e s u s ing f u z z y t e c h n i q u e s fo r r e m o t e l y sensed 
da t a . 
W a n g ( 1 9 9 0 ) c o m p a r e d the f u z z y and G M L c l a s s i f i c a t i o n for 
s e v e n c l a s s e s ( w a t e r , i ndus t r i a l r e s i d e n t i a l , f o r e s t , g r a s s , ba re soi l 
and p a s t u r e ) fo r a L a n d s a t M S S i m a g e . H e r e p o r t e d an 
i m p r o v e m e n t of 5 . 1 1 % by u s ing the f u z z y c l a s s i f i c a t i o n s imi la r 
Pan, H.P. (1994) "Two-level Global Optimisation for image Segmentat ion", ISPRS Journal of 
Photogrammetry and Remote Sensing, No. 49. P. 22-31. 
Cannon, R.L. Dave, J.V. Bezdek, J.C. and Trivedi M.M.(1986) "Segmentat ion of a Thematic 
Mapper image using the Fuzzy c-means clustering algori thm", IEEE Trans. On Geosciences and 
Remote Sensing, GE-24, p, 400-408. 
Wang, F., (1990) "Fuzzy Supervised classification of Remote Sensing Images, IEEE Trans. On 
Geosciences and Remote Sensing, GE-28, p, 194-201. 
Foody, G.M. (1992) "A Fuzzy sets approach to the representation of vegetation continua from 
remotely sensed data: An example f rom lowland Health", Photogrammetr ic Engineering and Remote 
Sensing, Vol .56, p. 1163-1169 
Dikshit, 0 . , (1997) "Textural Classification for Ecological research using A T M images" 
International Journal of Remote Sensing No. 17, p. 887-915. 
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r e s u l t s w e r e o b t a i n e d for c l a s s i f i c a t i o n wi th T M i m a g e s of a n o t h e r 
s t u d y a rea , F o o d y ( 1 9 9 2 ) a lso a r r ived at s i m i l a r c o n c l u s i o n s abou t 
the l im i t a t i on of c o n v e n t i o n a l ' h a r d ' i m a g e c l a s s i f i c a t i o n wh ich 
a re i n a p p r o p r i a t e for the m a p p i n g of c o n t i n u o u s p h e n o m e n a such 
as h e a t h land v e g e t a t i o n . 
P a l u b i n s k a s e t .a l ( 1 9 9 5 ) m a d e c o m p a r i s o n of the f u z z y and 
t e x t u r e - b a s e d c l a s s i f i c a t i o n a p p r o a c h e s for m a p p i n g t rop ica l 
c l a s s e s f r o m L a n d s a t TM da ta for c l a s s i f y i n g 1 1 c l a s s e s c o n t a i n i n g 
5 c l a s s e s of f o r e s t s w i th d i f f e r e n t ages . T h e y r e p o r t e d tha t t e x t u r e -
b a s e d c l a s s i f i c a t i o n or the p o s t - c l a s s i f i c a t i o n p r o d u c t s f r o m f u z z y 
c l a s s i f i c a t i o n cou ld be used to s i g n i f i c a n t l y i n c r e a s e c l a s s i f i c a t i o n 
a c c u r a c y in c o m p a r i s o n to the G M L c l a s s i f i c a t i o n ' ' ^ 
( i i ) I m a g e F u s i o n T e c h n i q u e 
I m a g e m e r g i n g or i m a g e f u s i o n in r e m o t e s e n s i n g p r o v i d e s 
m e a n s to c o m b i n e da ta by s e n s o r s u s i n g d i f f e r e n t pa r t s of 
e l e c t r o m a g n e t i c s p e c t r u m in o rde r to ob t a in a m o r e c o m p l e t e v iew 
of the o b j e c t s of i n t e r e s t . The m e t h o d s to f u s e da t a are m a n i f o l d as 
a re the p o s s i b i l i t i e s of da ta combina t ions^^ . 
T h e f u s i o n t e c h n i q u e s can be c a t e g o r i s e d a c c o r d i n g to the 
p r o c e s s i n g leve l at w h i c h the f u s i o n t a k e s p l a c e i .e . p i x e l , f e a t u r e 
Palubinskas, G. Lucas, R.M., Foody, G.M. and Curran, P.L., (1995) "An evaluation of fuzzy and 
texsture-baseds classification approaches for mapping regenrating tropical forest classes from Landsat 
T M data, International Journal of Remote Sensing, No. 16, p. 747-759. 
^^  Poll!, C. (1996) "Geometr ic aspects of Multi-sensor Image Fusion for topographic map updating in 
the Humid Tropics", Unpublished Dissertation, ITC, No. 29, p. 160. 
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and d e c i s i o n level''^. The se l ec t ion of the f u s i o n leve l d e f i n e s the 
n e c e s s a r y p r e - p r o c e s s i n g i n v o l v e d . The main goa l of p ixe l level 
a l g o r i t h m s is to c o m b i n e the o r ig ina l i m a g e s f r o m d i f f e r e n t s e n s o r s 
in o r d e r to s y n t h e s i s e a new set of da ta wi th e n h a n c e d spa t i a l and / 
or s p e c t r a l resolut ions ' '^ . In an a p p l i c a t i o n l ike c l a s s i f i c a t i o n , 
m e r g i n g a l g o r i t h m s are r equ i r ed to m a i n t a i n the spec t ra l 
c h a r a c t e r i s t i c s of the o r ig ina l da ta as m u c h as p o s s i b l e to avo id 
m i s i n t e r p r e t a t i o n ^ " ' ' ' ' ^ 
D a t a f u s i o n at p ixe l level n e e d s t w o d i s t i n c t steps^"*. F i r s t , the 
d i g i t a l i m a g e s f r o m both s enso r s are g e o m e t r i c a l l y r e g i s t e r e d to 
one a n o t h e r . N e x t , the spa t i a l and s p e c t r a l i n f o r m a t i o n c o n t e n t s 
and m i x e d to g e n e r a t e a s i ng l e da ta set tha t c o n t a i n the bes t se t . 
Pohl, C. (1998) "Tools and methods used in Data Fusion", Proceedings of the 1?"' EARSel 
Sympos ium on Future Trends in Remote Sensing", Lyngby, Denmark, 17-19 June 1997, p. 391-399. 
Luo, R.C. and Kay, M.G. (1989) ' 'Multi-sensor Integration and Fusion in Intelligent System", IEEE 
Trans. System Man and Cybernetics, 19, p. 901-93 1. 
Welch, R. and Ehlers, M. (1987) "Merging Multi-resolution S P O T H R V and Landsat TM data" 
Photogrammetr ic Engineering and Remote Sensing, 53 (3), p. 301-303. 
Chavez, P.S. Sides J.S.C. and Anderson, J. (1991) "Comparison of three dif ferent methods to merge 
multi-resolution and multi-spectral data-Landsat TM and S P O T Panchromat ic" , Photogrammetric 
Engineer ing and Remote Sensing, 57, p. 295-303. 
Garguet - Duport, B., Girel J., Charsery, J. and Pauton, G. (1996) " T h e use of multi-resolution 
analysis and Wavelet transform for merging SPOT panchromatic and multi-resolution image data", 
Photogrammetr ic Engineering and Remote Sensing, 62 (9), p. 1057-1066. 
'' ' Yocky, D.A. (1996) "Multi-resolution Wavelet Decomposi t ion image merger of Landsat T M and 
S P O T pancliromatic data" Photogrammetric Engineering and Remote Sensing, 62 (9), p. 1067-1074. 
" Pellemans, A.H.J.M., Jordans, R.W.L. and Allewijn, R., (1993) "Merg ing multi-spectral and 
Panchromatic S P O T images with respect to the radiometric Properties of the sensor", Photogrammetric 
Engineer ing and Remote Sensing, 59 (1), p. 81-89. 
Chavez, P.S., JR. and Bowell, J (1988) "Comparison of the Spectral information content of Landsat 
T M and S P O T for three different sites in the Phoenix, Arizona region", Photogrammetr ic Engineering 
and Remote Sensing, 55 , p. 348-393. 
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T h e g e o m e t r i c r e g i s t r a t i o n is a s t r a i g h t f o r w a r d p r o c e s s . 
H o w e v e r , the ac tua l m i x i n g of i n f o r m a t i o n in to a s i n g l e da ta set is 
not so s i m p l e . Idea l ly , the m e t h o d used to m e r g e da ta se ts wi th 
h igh spa t i a l r e s o l u t i o n and spec t r a l r e s o l u t i o n s h o u l d not d i s to r t 
the s p e c t r a l c h a r a c t e r i s t i c s of the h i g h - s p e c t r a l r e s o l u t i o n da ta . 
M e r g e r t e c h n i q u e s can be r o u g h l y p l a c e d in to th ree 
c a t e g o r i e s : m e r g e r fo r d i sp l ay , m e r g e r by s e p a r a t e m a n i p u l a t i o n of 
s p a t i a l i n f o r m a t i o n and m e r g e r to m a i n t a i n r a d i o m e t r i c in tegr i ty^^ 
T h e s e t e c h n i q u e s are p r i m a r i l y c o n c e r n e d w i t h e n h a n c e m e n t of the 
i m a g e , w h i c h is to be d i s p l a y e d fo r an i n t e r p r e t e r . The mos t 
i m p o r t a n t da ta m e r g i n g t e c h n i q u e for d i sp l ay i n v o l v e i n t ens i t y , hue 
and s a t u r a t i o n ( IHS) t r a n s f o r m a t i o n . W e l c h and Ehlers^^' used IHS 
t r a n s f o r m a t i o n to m e r g e any t h r e e b a n d s of TM or S P O T 
m u l t i s p e c t r a l da ta wi th S P O T p a n c h r o m a t i c b a n d . T h e r e s u l t i n g 
f a l s e c o l o u r c o m p o s i t e s h a v e spa t i a l d i s c r i m i n a t i o n q u a l i t i e s of the 
o r i g i n a l m u l t i s p e c t r a l da ta se t . Th i s p r o c e d u r e wi l l he lp in the 
r e v i s i o n of o u t d a t e d m a p s of d e v e l o p i n g c o u n t i e s and s u p p o r t 
c a r t o g r a p h e r s i n v o l v e d in the p r e p a r a t i o n of i m a g e m a p s of 
o p t i m u m qua l i t y . 
T h e s e c o n d c a t e g o r y of m e r g i n g i n v o l v e s s e p a r a t e 
m a n i p u l a t i o n of spa t i a l and s p e c t r a l i n f o r m a t i o n . T h i s a p p r o a c h 
a t t e m p t s to s e p a r a t e t h e s e c o m p o n e n t s and to e n h a n c e the spa t i a l 
i n f o r m a t i o n w i t h o u t e f f e c t i n g the s p e c t r a l i n f o r m a t i o n . For this 
^^  Munechika, C.K. Wamick , J.S. Salvaggio, c and Schott, J.R, (1993) "Resolut ion Enhancement of 
multi-spectral image data to improve classification accuracy", Photogrammetr ic Engineering and 
Remote Sensing, 59 (1), p. 67-72. 
Welch, R. and Ehlers, M 91987) " Merging multi-resolution S P O T H R V and Landsat T M data" 
Photogrammetric Engineering and Remote Sensing, 53 (3), p. 301-303. 
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c a t e g o r y , C h a v e z et.al^^ have p e r f o r m e d a c o m p a r a t i v e s tudy of 
t h r e e a l g o r i t h m s us ing IHS, p r i n c i p a l c o m p o n e n t s a n a l y s i s ( P C A ) 
and the HPF us ing s t a t i s t i c a l , v i sua l and g r a p h i c a l m e t h o d s of 
c o m p a r i s o n . The m e r g e d da ta set g e n e r a t e d wi th the HPF m e thod 
w a s f o u n d to be less d i s t o r t ed than the one g e n e r a t e d by e i the r IHS 
or P C A t e c h n i q u e . The P C A m e t h o d d i s t o r t e d the spec t r a l 
c h a r a c t e r i s t i c of the da ta less than the IHS m e t h o d . T h i s resu l t was 
d u e to the f ac t tha t the P C A image is m o r e c o r r e l a t e d to the PAN 
i m a g e than a re the in t ens i ty images . 
78 
P e l l e m a n s et. al . , d e s c r i b e d f o u r m e t h o d s of m e r g i n g S P O T 
X S wi th P A N da ta . T h e s e m e t h o d s are b a s e d on r a d i o m e t r y , 
s t a t i s t i c s IHS and s p h e r i c a l c o - o r d i n a t e s . T h e y c o n c l u d e d that the 
m e r g i n g p r o c e s s u s i n g r a d i o m e t r y p r e s e r v e s the a b s o l u t e p ixe l 
v a l u e s . Th i s i m p l i e s tha t p o s t - p r o c e s s i n g a l g o r i t h m s r e m a i n u s e f u l . 
T h e s t a t i s t i c a l m e t h o d g ive l eve l s c o m p a r a b l e to the one ba sed on 
r a d i o m e t r y . T h e r e m a i n i n g two m e t h o d s do not p r e s e r v e a b s o l u t e 
p i x e l v a l u e s but p r o v i d e s be t t e r and s h a r p i m a g e s . 
W h i l e c o m p a r i n g b e t w e e n I H S , P C A and H P F t e c h n i q u e s , 
C h a v e z e t . a l . , ' ^ c o n c l u d e d tha t H P F w a s t h e bes t a m o n g s t these 
on 
t e c h n i q u e s . H o w e v e r , R a p t i s et. al . , f o u n d t h e H P F w a s the wor s t 
a m o n g s t t h e s e t h r e e t e c h n i q u e s u sed to m e r g e L a n d s a t T M wi th 
" Chavez, P.S. et al. (1991) op.cit., p. 295-303. 
Pellemans (1993) op.cit., p. 81-89. 
79 Chavez, P.S. et.al. (1991) op.cit., p. 295-303. 
Rapits V.S., Vaughan, R.A. Halzopouios, I.N. and Dapapanagioton, V. (1998) ' T h e use of Data 
fusion for the Classification of dense Urban Environments: The Myti lene Case" , Proceedings of the 17''' 
EARSel Symposium on future trends in remote sensing, Lyngby, Demnark, 17-19 June, 1997, p. 427-
433. 
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S P O T Pan da ta . A l t h o u g h they f o u n d tha t H P F p r o v i d e d the h i g h e s t 
d i s t o r t i o n of spec t ra l s i g n a t u r e , they c h o o s e i m a g e s g e n e r a t e d f rom 
HPF to e v a l u a t e the s i g n i f i c a n c e of da ta f u s i o n . F u r t h e r , they did 
not c o m p a r e the c l a s s i f i c a t i o n a c c u r a c y of m e r g e d da ta wi th the 
o r i g i n a l ( u n m e r g e d ) to e v a l u a t e the s i g n i f i c a n c e of m e r g i n g on 
c l a s s i f i c a t i o n . 
81 
T e r r e t t a z c o m p a r e d s eve r a l m e t h o d s to m e r g e S P O T XS and 
P A N da ta in an u rban a rea of G e n e v a ( S w i t z e r l a n d ) . Th i s s tudy 
e v a l u a t e the r e su l t s of s e v e n da ta m e r g i n g m e t h o d s in the con tex t 
of an u rban and sub u r b a n a rea . T h e s e m e t h o d s w e r e IHS , HPF , 
P A N + XS C a r p e r , P r i c e , P e l l e m a n s and A R S I S ( w a v e l e t 
t r a n s f o r m ) . For ana lys i s he used s t a t i s t i c a l and v i s u a l c o m p a r i s o n 
f o r the ove ra l l area and f o r s e v e r a l z o n e s . H e c o n c l u d e d that the 
A R S I S and Pr i ce m e t h o d r e t a i n e d the s p e c t r a l v a l u e s we l l . 
H o w e v e r , the r e su l t s o b t a i n e d w e r e no t ve ry c o n c l u s i v e for the 
v i s u a l a n a l y s i s . Wi th the C a r p e r , P e l l e m a n s and P A N + X S m e t h o d s , 
the s p e c t r a l va lues w e r e we l l r e t a i n e d and v i s u a l i m p r o v e m e n t was 
p r e s e n t , bu t less c l ea r ly so t h a n fo r I H S or H P F . T h e s e a l g o r i t h m s 
o f f e r e d w e l l - c o n t r a s t e d c o l o u r c o m p o s i t e s , w h i c h are very 
a d v a n t a g e o u s fo r the v i sua l a n a l y s i s . The H P F m e t h o d s p r o v i d e d 
t h e bes t ove ra l l r e su l t . T h e m e r g e d i m a g e a p p e a r s u s e f u l to 
p e r c e i v e spa t i a l s t r u c t u r e s f r o m d i f f e r e n t t y p e s of hab i t a t 
c o n t a i n e d in the P A N b a n d as we l l as to i d e n t i f y and d i s t i n g u i s h 
t h e c l ea r ly v i s i b l e z o n e s of v e g e t a t i o n . 
Terrettaz, P. (1998) " Comparison of different methods to merge SPOT P and XS data: Evaluation 
in Urban area". Proceedings of the 17"' EARSel Symposium on Future Trends in Remote Sensing, 
Lyngby, Denmark, 17-19 June, 1997, p. 435-443. 
Chapter-I l l 
ENQUIRY O B J E C T I V E S DATABASE AND R E S E A R C H 
M E T H O D O L O G Y 
3.1 O B J E C T I V E S O F T H E S T U D Y 
The m a p p i n g and m o n i t o r i n g of u r b a n s p r a w l is a 
p r e r e q u i s i t e for the p r e p a r a t i o n of any d e v e l o p m e n t p l an of a 
c o n t r o l l e d and e q u i l i b r a t e d l a n d u s e / l a n d c o v e r s c e n a r i o . R e a l i z i n g 
the p o t e n t i a l s of r e m o t e s e n s i n g and its ab i l i t y to p r o m o t e t imely , 
a c c u r a t e and cost e f f e c t i v e i n f o r m a t i o n c o m b i n e d with 
G e o g r a p h i c a l I n f o r m a t i o n Sys t em is an i n t eg ra l par t of the u rban 
r e s e a r c h . It i n v o l v e s the use of s p e c i a l i z e d h a r d w a r e , s o f t w a r e , and 
p r o c e d u r e s d e s i g n e d to s u p p o r t t he m a n i p u l a t i o n ana lys i s , 
m a n a g e m e n t and m o d e l i n g of s p a t i a l l y r e f e r e n c e d da t a for dea l ing 
w i t h c o m p l e x p l a n n i n g and m a n a g e m e n t p r o b l e m s . T h e s tudy on 
A l i g a r h City has been t a k e n up w i t h the s a m e c o n s i d e r a t i o n s . 
F o l l o w i n g are the ma in o b j e c t i v e s of the s tudy : 
(1 ) G e n e r a t i o n of u r b a n spa t i a l i n f o r m a t i o n by u t i l i z i n g r e m o t e 
s e n s i n g da ta fo r u r b a n land u s e p a t t e r n s tudy , phys i ca l 
d e v e l o p m e n t t r e n d s and spa t i a l d i s t r i b u t i o n of land use in 
t i m e and space . T h i s o b j e c t i v e i n v o l v e s f o l l o w i n g 
p r e p a r a t i o n : 
i) F o r m u l a t i o n of l a n d u s e / l a n d c o v e r c l a s s i f i c a t i o n of g round 
cove r t h r o u g h v i s u a l i m a g e a n a l y s i s . 
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ii) P r e p a r a t i o n of fou r t i m e se r i e s l a n d u s e / land cove r c h a n g e 
d e t e c t i o n maps for the p e r i o d s ( 1 9 7 1 , 1 9 8 9 , 1 9 9 8 and 2000) . 
i i i ) P r e p a r a t i o n of u rban s p r a w l m a p . 
iv) P r e p a r a t i o n of d i f f e r e n t t h e m a t i c m a p s s h o w i n g c h a n g e in 
s i ng l e land use c a t e g o r y ove r d i f f e r e n t p e r i o d s of t ime. 
v) P r e p a r a t i o n of f o l l o w i n g a s p e c t m a p s fo r s u i t a b i l i t y ana ly s i s : 
a) E x i s t i n g l a n d u s e / l and c o v e r m a p . 
b) R o a d N e t w o r k map ( a c c e s s i b i l i t y to m a j o r r o a d s ) 
c) Soil m a p . 
d) H y d r o g e o m o r p h o l o g i c a l m a p ( g r o u n d w a t e r p r o s p e c t s zone 
m a p ) . 
(2) D e v e l o p m e n t of s u i t a b i l i t y m o d e l fo r the c i ty to e v a l u a t e the 
land a v a i l a b i l i t y and s u i t a b i l i t y . T h i s w a s d o n e to dep i c t the 
f u t u r e d e m a n d of u r b a n land f o r the c i ty by i n t e g r a t i n g 
v a r i o u s p h y s i c a l p a r a m e t e r s of the a rea . 
(3 ) To s tudy the e f f i c a c y of the t e c h n i q u e of o v e r l a y i n g the 
t h e m a t i c m a p s c o n t a i n i n g u r b a n s p a t i a l i n f o r m a t i o n and the 
r e l a t e d p l a n n i n g da ta i n to c o m p u t e r s and the m e t h o d s of 
p r o c e s s i n g to d e r i v e p l a n n i n g s c e n a r i o by G e o - I n f o r m a t i c 
Sys t em. 
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3 . 2 D A T A E M P L O Y E D 
T h e f o l l o w i n g data w a s used fo r the a s s e s s m e n t of ex i s t i ng 
l a n d u s e / land cover c a t e g o r i e s to m o n i t o r u r b a n sp rawl and to 
s u g g e s t s u i t a b l e s i tes for a f u r t h e r , p l a n n e d u r b a n e x p a n s i o n of the 
c i ty . 
1) Su rvey of India t o p o g r a p h i c a l m a p of 1 : 5 0 , 0 0 0 sca l e , wh ich 
ca r r i ed base i n f o r m a t i o n of the a r ea s u r v e y e d in 1971-72 and 
w h i c h was p u b l i s h e d in 1975 c a r r y i n g a n u m b e r of 54 I / l . 
2) S P O T - P L A g e o c o d e d s c e n e on 1 : 5 0 , 0 0 0 s c a l e a c q u i r e d on 
Apr i l 7 ,1989 . 
3) S P O T - M L A (bands 1 ,2 ,3) g e o c o d e d s c e n e on 1 :50 ,000 sca le 
a c q u i r e d on N o v e m b e r 2 2 , 1 9 8 9 . 
4) I R S - I C ( P A N ) g e o c o d e d s c e n e on 1 : 5 0 , 0 0 0 s c a l e a c q u i r e d on 
O c t o b e r 2 5 , 1 9 9 7 . 
5) I R S - I C ( P A N ) d ig i t a l g c o c o d e d s c e n e on 1 : 5 0 , 0 0 0 a c q u i r e d 
on F e b r u a r y 1999. ( F i g . 3 . 1 ) . 
6) I R S - I D ( L I S S - I I I ) d i g i t a l g e o c o d e d s c e n e ( b a n d s 2 , 3 , 4 ) 
a c q u i r e d on M a r c h 1 4 , 2 0 0 0 . ( F ig . 3 . 2 & 3 . 3 ) 
7) L a t e s t Ward Map of the c i ty fo r t h e y e a r s 2 0 0 0 . 
8) P r o p o s e d M a s t e r P l an of A l i g a r h Ci ty f o r 2 0 0 1 . 
9) A l i g a r h Di s t r i c t G a z e t t e e r . 
10) C e n s u s of Ind ia H a n d b o o k f o r 1991. 
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1 1) P o p u l a t i o n f i gu re s for the year 2 0 0 0 . 
12) R e l e v a n t p u b l i s h e d and u n p u b l i s h e d r e p o r t s . 
13) F ie ld su rveys and G r o u n d T ru th . 
3 .3 S A T E L L I T E D A T A S P E C I F I C A T I O N 
R e m o t e s ens ing da ta p r o d u c t s a re f o u n d to be very much 
u s e f u l fo r na tu ra l r e s o u r c e s u r v e y s and m a p p i n g . T h e s e da ta are 
a l so used for e x t r a c t i n g i n f o r m a t i o n r e l a t e d to u r b a n and rural 
a r e a s . V a r i o u s p h o t o g r a p h i c and n o n - p h o t o g r a p h i c s e n s o r s are , at 
p r e s e n t , in use to s tudy v a r i o u s u r b a n a p p l i c a t i o n s . D i f f e r e n t 
a i r b o r n as wel l as space born da ta p r o d u c t s a re u t i l i s e d , to g e n e r a t e 
da ta base fo r i n v e n t o r y p u r p o s e . G e n e r a l l y , two types of 
i n f o r m a t i o n can be e x t r a c t e d fo r u r b a n a r e a s u s i n g d i f f e r e n t 
r e m o t e l y s ensed data w h i c h a re d i r e c t l y as w e l l as i n d i r e c t l y 
o b s e r v a b l e . D i r e c t l y o b s e r v a b l e p h e n o m e n a d e p e n d s on the 
p h y s i c a l c h a r a c t e r i s t i c s of the u rban e n v i r o n m e n t , such as u r b a n 
bu i l t up a rea , u rban l a n d - u s e , p h y s i c a l g r o w t h and r e l a t e d a spec t s . 
S e c o n d l y , ce r t a in i n f o r m a t i o n can a l so be i n f e r r e d i nd i r ec t l y 
r e l a t i n g to p h y s i c a l a s p e c t s of the u r b a n a r e a s , such as h o u s i n g 
q u a l i t y ana lys i s , u rban e n v i r o n m e n t a l i m p a c t a s s e s s m e n t , 
p o p u l a t i o n e s t i m a t i o n , e tc . In th i s r e g a r d , a e r i a l p h o t o g r a p h s have 
b e e n s u c c e s s f u l l y used to g e n e r a t e i n f o r m a t i o n f o r u r b a n p l a n n i n g 
p u r p o s e . Bu t , the f r e q u e n t use of ae r i a l p h o t o g r a p h s fo r m a p p i n g 
and u p d a t i n g is e x p e n s i v e . ' At the s a m e t i m e , the aer ia l 
p h o t o g r a p h s lack in r e p e t i t i v e and s y n o p t i c c o v e r a g e fo r w h i c h , it 
' Behera, G. et.al. (1985) "Growth of Bangalore City since 1900 Based on Maps and Satellite Imagery," 
ISRO, Technical Report No. TR- 55-85. 
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is d i f f i c u l t to get the i n f o r m a t i o n w h e n the g r o w t h of u r b a n cen t r e s 
is f a s t . The m o d e r n s a t e l l i t e r e m o t e s e n s i n g can he lp to a c q u i r e 
m a s s of bas i c phys i ca l i n f o r m a t i o n abou t the c i ty r a the r eas i ly , 
r e l i a b l y , a c c u r a t e l y and at a l e sse r cos t than c o n v e n t i o n a l m e a n s as 
we l l as ae r i a l p h o t o g r a p h s . The main a d v a n t a g e of s a t e l l i t e r e m o t e 
s e n s i n g is its r e p e t i t i v e and s y n o p t i c c o v e r a g e fo r w h i c h it is very 
m u c h u s e f u l fo r s tudy of u rban a r ea s . F u r t h e r , it h e l p s to c rea te 
i n f o r m a t i o n ba se on l a n d u s e / l a n d c o v e r d i s t r i b u t i o n , u r b a n c h a n g e 
d e t e c t i o n , m o n i t o r i n g u rban g r o w t h and u r b a n e n v i r o n m e n t a l 
i m p a c t a s s e s s m e n t , e tc ." H e r e , ma in c h a r a c t e r i s t i c s of S P O T and 
IRS s a t e l l i t e da ta has been d i s c u s s e d , w h i c h h a v e been used in the 
s tudy a rea . 
3.3.1 SPOT- 'Satellite Pour 1' Observation de la Tere ' 
T h e F r e n c h G o v e r n m e n t u n d e r t ook the d e v e l o p m e n t of the 
S P O T Civ i l E a r t h O b s e r v a t i o n P r o g r a m m e in 1978 . The S P O T 
s y s t e m was c o n c e i v e d and d e s i g n e d by the F r e n c h S p a c e A g e n c y , 
C N E S ( C e n t r e N a t i o n a l d ' E t u d e s S p a t i a l e s ) and is b e i n g 
u n d e r t a k e n in a s s o c i a t i o n w i th S w e d e n and B e l g i u m . T h e c o m p l e t e 
s y s t e m c o m p r i s e s of bo th the o r b i t i n g s p a c e c r a f t and an e x t e n s i v e 
g r o u n d s e g m e n t for i m a g e r e c e p t i o n and p r o c e s s i n g . In a d d i t i o n , 
t he S P O T sa t e l l i t e i n s t r u m e n t p a c k a g e has s e v e r a l f e a t u r e s new to 
s p a c e r e m o t e s e n s i n g , c o m p a r e w i t h p r e v i o u s s y s t e m s such as 
L a n d s a t . It w a s the f i r s t to i n c l u d e l inea r a r r ay s e n s o r and e m p l o y 
p u s h - b r o o m s c a n n i n g t e c h n i q u e s . It w a s a l so t h e f i r s t sys t em to 
h a v e p o i n t a b l e op t i c s ( i .e . the i n s t r u m e n t can ' l o o k ' to one s ide or 
^ Subudhi, A.P. et.al. (1998) "Digital Image Processing of IRS-IA LISS II Data for Urban Studies- A 
Case Study of Delhi," Photonirvachak, JISRS, Vol. 17, No.3, September, p.35-42. 
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t h e o the r of the sa t e l l i t e g r o u n d t r ack ) . A m o n g the p o s s i b i l i t i e s 
i n t r o d u c e d by th is f ac i l i t y was that of i n c r e a s e d rev i s i t c o v e r a g e at 
i n t e r v a l s r a n g i n g f r o m one to s eve ra l days and the r e c o r d i n g , 
d u r i n g s u c c e s s i v e s a t e l l i t e p a s s e s , of s t e r e o s c o p i c pa i r s of i m a g e 
of a g iven a rea . The f i ne g r o u n d r e s o l u t i o n and u n i q u e v i e w i n g 
c a p a b i l i t i e s of r ev i s i t and s t e r e o s c o p y m a k e the S P O T sys t em 
s u i t a b l e for a w i d e va r i e ty of a p p l i c a t i o n s : 
• G e o l o g y : - S t e r e o s c o p i c i m a g e r y at 1 : 5 0 , 0 0 0 f a c i l i t a t e the 
i d e n t i f i c a t i o n of t e r r a in and the d e t e c t i o n of g e o - c h e m i c a l and 
s t r u c t u r a l a n o m a l i e s and is t h e r e f o r e , a u s e f u l too l in the 
e x p l o r a t i o n of oil and m i n e r a l r e s o u r c e s . 
• A g r i c u l t u r e and F o r e s t r y : - S P O T da ta can be used in land 
c o v e r s t ud i e s , in the f o r e c a s t i n g of c r o p y i e l d s , and in the 
a n a l y s i s of d a m a g e caused by n a t u r a l p h e n o m e n a , such as 
f l o o d i n g . 
U r b a n and R e g i o n a l S t u d i e s : - T h e s y s t e m can a l so be u s e d by 
t o w n p l a n n e r s w h o n e e d to r e g u l a r l y m o n i t o r t r e n d s in land use , 
s u c h as the u r b a n / r u r a l . 
C a r t o g r a p h y : - The h igh r e s o l u t i o n of S P O T i m a g e s and the 
s t e r e o s c o p i c c a p a b i l i t y e n a b l e s t o p o g r a p h i c m a p s to be 
p r o d u c e d at s ca l e s of 1 :50 ,000 and even 1 : 2 5 , 0 0 0 in s o m e ca se s . 
Such f e a t u r e s are a lso u s e f u l in the u p d a t i n g of e x i s t i n g m a p s 
and in the p r o d u c t i o n of m a p s of r e g i o n s w h e r e n o n e ex i s t . 
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T H E H R V I N S T R U M E N T 
The S P O T p a y l o a d c o m p r i s e s of t w o iden t i ca l but 
i n d e p e n d e n t i m a g i n g i n s t r u m e n t s ( s e n s o r s ) k n o w n as H R V s ( f r o m 
the F r e n c h ' H a u t e R e s o l u t i o n V i s i b l e ' ) . To e n s u r e tha t the sa t e l l i t e 
g r o u n d t r ack cove r s every p o i n t on the E a r t h ' s s u r f a c e du r ing th is 
c y c l e , the sys tem had been d e s i g n e d so tha t t he c o m b i n e d f i e ld of 
v i e w of the two H R V i m a g i n g i n s t r u m e n t s is g r e a t e r than the 
d i s t a n c e be tv /een two a d j a c e n t t r a c k s . T h i s is a c h i e v e d d u r i n g the 
' t w i n - v e r t i c a l ' ( s t a n d a r d ) v i e w i n g c o n f i g u r a t i o n in w h i c h the 
s p a c e c r a f t g r o u n d t r ack b i s e c t s the s w a t h i m a g e d by two 
i n s t r u m e n t s . The c o m b i n e d f i e ld of v i e w of the two H R V is 117 
k m , i n c l u d i n g 3 km of s ide lap. Th i s c o n f i g u r a t i o n e n s u r e s 
c o m p l e t e c o v e r a g e of the ea r th in m i n i m u m t i m e (26 days ) . The 
H R V i n s t r u m e n t is d e s i g n e d to o p e r a t e in e i t he r of t w o m o d e s , in 
t h e v i s i b l e and i n f r a r e d p o r t i o n s of the s p e c t r u m . 
P A N C H R O M A T I C ( P a n ) or b l a c k and w h i t e mode 
c o r r e s p o n d i n g to o b s e r v a t i o n o v e r a b r o a d s p e c t r a l band (0 .51 
to 0 .73 j im) . This m o d e was i n t e n d e d p r i m a r i l y f o r a p p l i c a t i o n s , 
v /hich r e q u i r e f i n e g e o m e t r i c da t a . In t h e p a n c h r o m a t i c m o d e , 
the H R V g e n e r a t e s 6 ,000 p o i n t s p e r l i ne* , e a c h p o i n t b e i n g 
s e p a r a t e d by 10m on the g r o u n d . S ince t h e d i s t a n c e on the 
g r o u n d b e t w e e n s u c c e s s i v e l ines is a l so 10 m* , the 
c o r r e s p o n d i n g s a m p l i n g i n t e r v a l or p ixe l is 10 m x 10 m. 
A M U L T I S P E C T R A L (xs ) m o d e c o r r e s p o n d i n g to o b s e r v a t i o n 
in t h r e e n a r r o w e r spec t r a l b a n d s : g r e e n ( 0 . 5 0 - 0 . 5 9 | i m ) , red 
( 0 . 6 1 - 0 . 6 8 | i m ) and the nea r i n f r a - r e d ( 0 . 7 9 - 0 . 8 9 j im). T o g e t h e r , 
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t h e s e e n s u r e i m p r o v e d s p e c t r a l r e s p o n s e to c h l o r o p h y l l and 
s p e c i f i c a l l y to the r e s p o n s e p e a k in the g r e e n b a n d , s t r o n g 
a b s o r p t i o n in the red and a p r o n o u n c e d r e s p o n s e in the n e a r 
i n f r a - r e d . 
T a b l e 3 .1 
S P O T DATA, ITS C H A R A C T E R I S T I C S AND P R I N C I P A L 
A P P L I C A T I O N S ^ 
Satel l i te 
/Sensor 
Spectral 
Band 
Wavelength 
MICRONS 
Spatial 
Resolution 
Perio 
dicity 
Pr inc ipal 
Appl icat ion 
S P O T 
( M L A ) 
1 0 . 5 0 - 0 . 5 9 
I 
2 0 M 2 6 D a y s 
M e a s u r e m e n t o f 
v i s i b l e g r e e n 
r e f l e c t a n c e o f 
v e g e t a t i o n , v i g o u r 
t u r b i d i t y l e v e l in 
w a t e r , b u i l t - u p a r e a s 
a n d t r a n s p o r t e t c . 
2 0 . 6 1 - 0 6 8 - -
M a p p i n g o f v e g e t a t e d 
a n d n o n - v e g e t a t e d 
a r e a , b i o m a s s v i g o u r 
a s s e s s m e n t s , m a p p i n g 
o f u r b a n / r u r a l 
s e t t l e m e n t s , t r a n s p o r t 
n e t w o r k e t c . 
J 0 . 7 9 - 0 . 8 9 - -
C l e a r l a n d and water 
d e m a r c a t i o n s , 
m a p p i n g o f s u r f a c e 
w a t e r b o d i e s , b i o m a s s 
d i f f e r e n t i a t i o n , h i g h 
r e f l e c t a n c e b u i l t - u p 
c o n c r e t e a n d m e t a l l i c 
s t r u c t u r e , t r a n s p o r t 
n e t w o r k e t c . 
S P O T 
( P L A ) 
1 0 . 5 1 - 0 . 7 3 lOM 
2 6 
D a y s 
M a p p i n g o f 
v e g e t a t i o n , w a t e r a n d 
s u r f a c e m o i s t u r e 
a r e a s , u r b a n b u i l t - u p 
a r e a s , r e s i d e n t i a l , 
o p e n s p a c e s , 
c a r t o g r a p h i c u s e e t c . 
' NRSA, 1994 " Mapping and Monitoring Urban Sprawl: Hyderabad City," Project Report, N R S A and 
Hyderabad Urban Development Authority, p. 10. 
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In the m u l t i s p e c t r a l mode , each s p e c t r a l band e q u a t e s to 
3 , 0 0 0 p o i n t s per l ine, * the l ines be ing s e p a r a t e d by 20 m on the 
g r o u n d . In this case the d i s t a n c e b e t w e e n the l ines in a l so 20 m, so 
the s a m p l i n g i n t e rva l s in 20 m x 20m. ' ' 
3 . 3 . 2 I N D I A N R E M O T E S E N S I N G S A T E L L I T E ( I R S ) 
T h e Ind ian Space P r o g r a m m e has the goa l of h a r n e s s i n g 
s p a c e t e c h n o l o g y for a p p l i c a t i o n in the a r ea s of c o m m u n i c a t i o n , 
b r o a d c a s t i n g , m e t e o r o l o g y , d i s a s t e r w a r n i n g , s e a r c h and r e s c u e 
o p e r a t i o n s and r e m o t e s e n s i n g . R e m o t e s e n s i n g is an i m p o r t a n t par t 
o f the Ind ian Space P r o g r a m m e and the D e p a r t m e n t of Space 
( D O S ) , G o v e r n m e n t of Ind ia , is the n o d a l a g e n c y f o r the r e a l i z a t i o n 
of the N a t i o n a l N a t u r a l R e s o u r c e s M a n a g e m e n t S y s t e m ( N N R M S ) , 
t h e N a t i o n a l R e s o u r c e s I n f o r m a t i o n S y s t e m ( N R I S ) and the 
I n t e g r a t e d M i s s i o n for S u s t a i n a b l e D e v e l o p m e n t ( I M S D ) , b e s i d e s 
s e v e r a l o the r n a t i o n a l level a p p l i c a t i o n p r o j e c t s . 
As par t of th i s P r o g r a m m e , it has a c q u i r e d t h e c a p a b i l i t y to 
d e s i g n , d e v e l o p and o p e r a t e s t a t e - o f - t h e - a r t m u l t i - s e n s o r sa te l l i t e 
b a s e s y s t e m s c o m p r i s i n g of space , g r o u n d and a p p l i c a t i o n s e g m e n t s 
to mee t d o m e s t i c and i n t e r n a t i o n a l r e q u i r e m e n t s . T h e i m p o r t a n t 
m i l e s t o n e s c o v e r e d so far are : B a s k a r a 1 & 2 - t h e e x p e r i m e n t a l 
r e m o t e s e n s i n g s a t e l l i t e s l a u n c h e d in J u n e 1979 and N o v e m b e r 1981 
r e s p e c t i v e l y . Th i s p l a y l o a d c o n s i s t e d of T V c a m e r a s and r ad io 
m e t e r s . 
" NRSC, "UK SPOT Users Guide ' National Remote Sensing Centre, Space Department, UK, 
* (for nadir viewing) 
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The Ind ian R e m o t e S e n s i n g S a t e l l i t e w a s the next logica l 
s t ep t o w a r d s the na t iona l o p e r a t i o n a l s a t e l l i t e , wh ich d i rec t ly 
g e n e r a t e s r e s o u r c e i n f o r m a t i o n in a va r i e ty of a p p l i c a t i o n areas 
such as f o r e s t ry , geo logy , a g r i c u l t u r e and h y d r o l o g y . IRS l A / l B , 
the f i r s t g e n e r a t i o n o p e r a t i o n a l r e m o t e s e n s i n g s a t e l l i t e s wi th two 
L i n e a r I m a g i n g Sel f S c a n n i n g ( L I S S - I I ) s e n s o r s f o r p r o v i d i n g data 
in f o u r spec t ra l b a n d s (in v i s i b l e and nea r i n f r a - r e d r e g i o n s ) with 
r e s o l u t i o n of 72 .5m and 3 6 . 2 5 m , w i th a r e p e t i t i v e l y of 22 days, 
l a u n c h e d in M a r c h 1988 and A u g u s t 1991 r e s p e c t i v e l y . IRS-P2 , 
l a u n c h e d in O c t o b e r 1994 on the i n d i g e n o u s d e v e l o p e d Polar 
S a t e l l i t e L a u n c h V e h i c l e ( P S L V - D 2 ) c a r r i e d a m o d i f i e d LISS 
c a m e r a . I R S - I C was the f i r s t of the s e c o n d g e n e r a t i o n o p e r a t i o n a l , 
m u l t i - s e n s o r s a t e l l i t e m i s s i o n w i th i m p r o v e d s e n s o r and c o v e r a g e 
c h a r a c t e r i s t i c s , l a u n c h e d on D e c e m b e r 26 , 1995 . T h e o n - b o a r d th ree 
s e n s o r s of I R S - I C are P A N , L I S S - I I I and W I F S . M a n y new 
a p p l i c a t i o n s to exp lo i t the i m p r o v e d c a p a b i l i t i e s of I R S - I C have 
b e e n a t t e m p t e d . I R S - P 3 w a s l a u n c h e d in to t h e sun s y n c h r o n o u s 
o r b i t by an a n o t h e r i n d i g e n o u s l a u n c h v e h i c l e P S L V - D 3 on M a r c h 
21 , 1996 f r o m Ind ian l a u n c h i n g s t a t i on S i r i h a r i k o t a ( S H A R ) . IRS-
P3 ca r r i ed W i F S and M O S ( M o d u l a r O p t o e l e c t r o n i c S c a n n e r ) 
C a m e r a s . B e s i d e s , it a l so c a r r i e d an X - R a y s e n s o r , and a s t r o n o m y 
s e n s o r , fo r the s c i e n t i f i c s tudy of X - R a y s o u r c e s in the space . IRS-
ID is the f o l l o w - o n , s e c o n d - g e n e r a t i o n m i s s i o n , l a u n c h e d by the 
i n d i g e n o u s l y d e v e l o p e d Po la r S a t e l l i t e L a u n c h V e h i c l e ( P S L V ) 
f r o m S r i h a r i k o t a , Ind ia on 29^'' S e p t e m b e r 1997 . T h e s a t e l l i t e a lso 
c a r r i e d P A N , L I S S - I I I and W i F S c a m e r a s l i ke I R S - I C . I R S - P 4 
( O C E A N S A T - 1 ) w a s l a u n c h e d by P S L V - C 2 on M a y 26, 1999. It 
w a s the f i r s t one in the se r i e s of O c e a n S a t e l l i t e s p l a n n e d by Ind ia , 
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It c a r r i e s an Ocean Color M o n i t o r ( O C M ) wi th 8 s p e c t r a l b a n d s and 
M u l t i - f r e q u e n c y S c a n n i n g M i c r o w a v e R a d i o m e t e r ( M S M R ) 
o p e r a t i n g in 4 f r e q u e n c i e s , p r o v i d e s v a l u a b l e o c e a n s u r f a c e re la ted 
o b s e r v a t i o n c a p a b i l i t i e s . 
I R S - I C / I D S E N S O R C H A R A C T E R I S T I C S 
I R S - I C / I D are a t h ree axes body s t a b i l i s e d s a t e l l i t e and 
c o n s i s t s of t h ree s e n s o r s : 
1. P a n c h r o m a t i c C a m e r a ( P A N ) : 
T h e p a n c h r o m a t i c c a m e r a p r o v i d e s da t a w i t h a spa t ia l 
r e s o l u t i o n of 5 . 2 - 5 . 8 m (at nad i r ) and a g r o u n d s w a t h of b e t w e e n 63 
k m - 7 0 km (at nad i r ) , it o p e r a t e s in the 0 . 5 0 - 0 . 7 5 m i c r o n s spec t ra l 
b a n d in the v i s i b l e r eg ion , w i th a s w a t h of 70 km (at n a d i r ) and + 
26 d e g r e e s ac ros s t r ack t i l t c a p a b i l i t y and 5 days r e p e t i v i t y . 
2. L i n e a r I m a g i n g and Sel f S c a n n i n g S e n s o r ( L I S S - I I I ) : 
T h e L I S S - I I I s e n s o r p r o v i d e s m u l t i - s p e c t r a l da t a c o l l e c t e d in 
f o u r b a n d s of the v i s ib l e , nea r i n f r a - r e d (V, N I R ) and shor t wave 
i n f r a - r e d ( S W I R ) r e g i o n s . W h i l e the s p a t i a l r e s o l u t i o n and swa th in 
the ca se of v i s i b l e ( two b a n d s ) and N I R ( o n e b a n d ) r e g i o n s are 
b e t w e e n 21 .2 m to 23 .5 m and 127. km - 141 km r e s p e c t i v e l y . They 
a re b e t w e e n 63 .6 m to 70.5 m and 133 km to 148 k m f o r the data 
c o l l e c t e d in SWIR r eg ion wi th a r e v i s i t c a p a b i l i t y of 5 days as a 
w h o l e . 
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3. W i d e Fie ld S e n s o r ( W i F S ) : 
W i F S s e n s o r co l l ec t s da ta in two s p e c t r a l bands in the 
v i s i b l e / n e a r i n f r a - r e d r e g i o n s and has a g r o u n d s w a t h b e t w e e n 728 
km to 812 km wi th a spa t ia l r e s o l u t i o n of 169 m to 188 m. The two 
b a n d s of the WiFS c a m e r a are s imi l a r to the b a n d 3 and band 4 of 
L I S S c a m e r a of I R S - 1 A / 1 B / P 2 . 
I R S - I C / I D carry t h r e e i m a g i n g s e n s o r c h a r a c t e r i s e d by 
d i f f e r e n t r e s o l u t i o n s and c o v e r a g e c a p a b i l i t i e s . T h e s e t h r e e i m a g i n g 
s e n s o r , p r o v i d e image da ta fo r v i r t u a l l y all l e v e l s of a p p l i c a t i o n s , 
r a n g i n g f r o m cadas t r a l su rveys to r e g i o n a l and n a t i o n a l m a p p i n g . 
T h e P A N data wi th 5 . 2 - 5 . 8 m spa t i a l r e s o l u t i o n have a boos t 
o v e r the p r e v i o u s l y a v a i l a b l e i m a g e s . T h i s h i g h r e s o l u t i o n da ta 
a l o n g w i th s t e r e o - v i e w i n g c a p a b i l i t y and a r e v i s i t f r e q u e n c y of 5 
days p r o v i d e s an o p p o r t u n i t y fo r l a rge s c a l e m a p p i n g of u rban 
c a d a s t r a l leve l f e a t u r e s , i n c l u d i n g i n f r a s t r u c t u r e such as road / r a i l 
n e t w o r k . 
T h e L I S S - I I I da ta w i th 2 1 . 2 - 2 3 . 5 m r e s o l u t i o n has 
s i g n i f i c a n t l y i m p r o v e d s e p a r a b i l i t y a m o n g s t v a r i o u s c rops and 
v e g e t a t i o n types , l e ad ing to i d e n t i f i c a t i o n of sma l l f i e l d s and be t te r 
c l a s s i f i c a t i o n a c c u r a c y . 
T h e f r e q u e n t a v a i l a b i l i t y of da ta f r o m t h e W i F S p a y l o a d has 
h e l p e d in m o n i t o r i n g d y n a m i c p h e n o m e n a l ike v e g e t a t i o n , f l o o d s , 
d r o u g h t s , f o r e s t f i r e e tc . t he a v a i l a b i l i t y of da t a w i th a f i v e day 
r e p e t i t i v e l y , has e n a b l e d the g e n e r a t i o n of s p e c t r a l g r o w t h p r o f i l e s 
at a l m o s t every s t age of c rop g r o w t h . 
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A m a j o r b e n e f i t of the m u l t i - s e n s o r I R S - I C / I D p a y l o a d is 
t he c a p a b i l i t y to m e r g e the m u l t i - s p e c t r a l L I S S - l I I da ta , wi th the 
h igh r e s o l u t i o n P A N image ry . Th i s m e r g e r of m u l t i - s p e c t r a l and 
h igh r e s o l u t i o n da ta f a c i l i t a t e s d e t a i l e d land c o v e r c l a s s i f i c a t i o n 
and d e l i n e a t i o n of l inear and n a r r o w r o a d s / l a n e s , s t ruc tu re s , 
v e g e t a t i o n types and p a r c e l s of l and . It is t h e r e f o r e , v i e w e d as a 
b r e a k s t h r o u g h for c adas t r a l level m a p p i n g . W h e n the u n i q u e 
a d v a n t a g e s o f f e r e d by I R S - I C / I D da ta are t r a n s l a t e d into 
a p p l i c a t i o n p o s s i b i l i t i e s , m a n y i n n o v a t i v e uses e m e r g e in add i t ion 
to r o u t i n e r e s o u r c e inven tor ies^ . 
T a b l e 3 .2 
I R S - I C / I D D A T A , ITS C H A R A C T E R S I T I C S A N D P R I N C I P A L 
A P P L I C A T I O N S 6 & 7 
S a t e l l i t e / S p e c t r a l W a v e l e n g t h S p a t i a l P e r i o d i - P r i n c i p a l A p p l i c a t i o n 
S e n s o r B a n d ( M i c r o n s ) R e s o l u t i o n c i t y 
I R S - 1 0 . 5 2 - 0 . 7 5 5 . 8 5 D a y s D e t e c t i o n o f c r o p 
I C / I D v i o l a t i o n ; m o n i t o r i n g o f 
( P A N ) u r b a n f o r e s t r y d e l i n e a t i o n 
a n d d e v e l o p m e n t o f 
w a t e r s h e d ; l i t h o l o g i c a l 
s t r u c t u r a l , g r o u n d w a t e r 
e x p l o r a t i o n e n g i n e e r i n g 
a n d g e o - e n v i r o n m e n t a l 
s t u d i e s ; m a p p i n g o f u r b a n 
b u i l t - u p a r e a s , r e s i d e n t i a l 
t r a n s p o r t , i n d u s t r i a l o p e n 
s p a c e s e t c . , m o n i t o r i n g 
u r b a n s p r a w l , c h a n g e 
d e t e c t i o n , i d e n t i f i c a t i o n 
o f u n a u t h o r i s e d s t r u c t u r e s 
a n d p r e p a r a t i o n o f D E M . 
L I S S - 1 1 1 2 0 . 5 2 - 0 . 5 9 2 3 . 5 
( 2 , 3 & 4 , ) 
5 d a y s V e g e t a t i o n v i g o u r 
a s s e s s m e n t r o c k / s o i l 
b o u n d a r y d i f f e r e n t i a t i o n , 
t u r b i d i t y a n d b a t h y m e t r y 
i n s h a l l o w w a t e r , b u i l t - u p 
a r e a s a n d t r a n s p o r t e t c . 
^ N R S A (1997) " IRS- ID Data use r ' s H a n d b o o k " Nat iona l R e m o t e Sens ing Agency , Hyderabad . 
^ P ro jec t Repor t (1994) op.cit. , p 9-10, 
^ N R S A (1997) op.cit . p 143-144. 
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A m a j o r b e n e f i t of the m u l t i - s e n s o r I R S - I C / I D pay load is 
t he c a p a b i l i t y to merge the m u l t i - s p e c t r a l L I S S - I I I da ta , wi th the 
h igh r e s o l u t i o n PAN image ry . Th i s m e r g e r of m u l t i - s p e c t r a l and 
h igh r e s o l u t i o n da ta f a c i l i t a t e s d e t a i l e d land c o v e r c l a s s i f i c a t i o n 
and d e l i n e a t i o n of l inear and n a r r o w r o a d s / l a n e s , s t r uc tu r e s , 
v e g e t a t i o n types and p a r c e l s of l and . It is t h e r e f o r e , v i e w e d as a 
b r e a k s t h r o u g h for c adas t r a l level m a p p i n g . W h e n the un ique 
a d v a n t a g e s o f f e r e d by I R S - I C / I D da ta are t r a n s l a t e d into 
a p p l i c a t i o n p o s s i b i l i t i e s , m a n y i n n o v a t i v e uses e m e r g e in add i t i on 
to r o u t i n e r e s o u r c e i n v e n t o r i e s \ 
T a b l e 3 .2 
I R S - I C / I D D A T A , ITS C H A R A C T E R S I T I C S A N D P R I N C I P A L 
A P P L I C A T I O N S 6 & 7 
S a t e l l i t e / S p e c t r a l W a v e l e n g t h S p a t i a l P e r i o d i - P r i n c i p a l A p p l i c a t i o n 
S e n s o r B a n d ( M i c r o n s ) R e s o l u t i o n c i t Y 
I R S - I 0 . 5 2 - 0 . 7 5 5 . 8 5 D a y s D e t e c t i o n o f c r o p 
l C / 1 D v i o l a t i o n ; m o n i t o r i n g o f 
( P A N ) u r b a n f o r e s t r y d e l i n e a t i c 
a n d d e v e l o p m e n t o f 
w a t e r s h e d ; l i t h o l o g i c a l 
s t r u c t u r a l , g r o u n d w a t e r 
e x p l o r a t i o n e n g i n e e r i n g 
a n d g e o - e n v i r o n m e n t a l 
s t u d i e s ; m a p p i n g o f u r b f 
b u i l t - u p a r e a s , r e s i d e n t i 
t r a n s p o r t , i n d u s t r i a l o p e 
s p a c e s e t c . , m o n i t o r i n g 
u r b a n s p r a w l , c h a n g e 
d e t e c t i o n , i d e n t i f i c a t i o n 
o f u n a u t h o r i s e d s t r u c t u r 
a n d p r e p a r a t i o n o f D E M 
L I S S - I I I 2 0 . 5 2 - 0 . 5 9 2 3 . 5 
( 2 , 3 & 4 , ) 
5 d a y s V e g e t a t i o n v i g o u r 
a s s e s s m e n t r o c k / s o i l 
b o u n d a r y d i f f e r e n t i a t i o r 
t u r b i d i t y a n d b a t h y m e t r ; 
i n s h a l l o w w a t e r , b u i l t - i 
a r e a s a n d t r a n s p o r t e t c . 
^ N R S A (1997) " I R S - I D Data u se r ' s H a n d b o o k " Nat iona l R e m o t e Sens ing Agency , Hyderabad . 
^ Pro jec t Repor t (1994) op.cit. , p 9-10. 
^ N R S A (1997) op.cit , p 143-144, 
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0 . 6 2 - 0 . 6 8 S t r o n g c h l o r o p h y l l 
a b s o r p t i o n l e a d i n g t o 
d i s c r i m i n a t i o n o f 
v e g e t a t i o n t y p e s a n d s u b -
t y p e s , m a p p i n g o f 
c u l t u r a l f e a t u r e s a n d 
b u i l t - u p a r e a s e t c . 
0 , 7 7 - 0 , 8 6 D e l i n e a t i o n o f s u r f a c e 
w a t e r f e a t u r e s , l a n d 
f o r m / g e o l o g i c a l s t u d i e s , 
m a p p i n g o f s e t t l e m e n t 
a n d t r a n s p o r t n e t w o r k 
e t c . 
1 . 5 5 - 1 . 7 0 6 3 . 6 V e g e t a t i o n / s o i l m o i s t u r e 
c o n t e n t a n d s n o w / c l o u d 
d i f f e r e n t i a t i o n , 
d i s c r i m i n a t i o n o f c o a s t a l 
v e g e t a t i o n t y p e s , g l a c i e r 
i n v e n t o r y 
W I F S 0 . 6 2 - 0 . 6 8 
0 , 7 7 - 0 . 8 8 
i.3 5 d a y s M o s t l y a g r i c u l t u r a l 
a p p l i c a t i o n l i k e 
e s t i m a t i o n o f t o t a l 
c r o p p e d a r e a , c r o p g r o w t h 
p r o f i l e , c r o p f i e l d 
m o d e l i n g , c r o p p i n g 
s y s t e m a n d r o t a t i o n 
s t u d i e s , c o m m a n d a r e a 
m a n a g e m e n t m o n i t o r i n g 
l a r g e s c a l e d e f o r e s t a t i o n , 
f o r e s t f i r e , m o n i t o r i n g 
s u r f a c e w a t e r b o d i e s a n d 
t h e i r s p a t i a l e x t e n t , 
s n o w / c l o u d 
d i s c r i m i n a t i o n , 
m o n i t o r i n g s e d i m e n t a t i o n 
d y n a m i c s , i m p a c t 
a s s e s s m e n t o n v e g e t a t i o n , 
w a t e r b o d i e s m a p p i n g 
f l o o d i n u n d a t e d a r e a s , 
a n d d a m a g e a s s e s s m e n t . 
3.4 . M E T H O D O L O G Y A D O P T E D 
It is h igh ly e s s e n t i a l and u s e f u l to p u r s u e the w o r k w i th the 
w e l l - d e f i n e d o b j e c t i v e s and s c o p e of s tudy in o r d e r to c o m p l e t e it 
w i th in the s t i p u l a t e d t ime , as we l l as a p p e a l i n g and e f f e c t i v e 
r e su l t s . A d o p t i o n of an e f f i c i e n t r e s e a r c h m e t h o d o l o g y is 
i m p e r a t i v e fo r be t t e r t r e a t m e n t of the d a t a b a s e . A d e t a i l e d d a t a b a s e 
on na tu ra l r e s o u r c e s , t e r r a in c o n d i t i o n , s o c i o - e c o n o m i c s t a tu s and 
d e m o g r a p h i c s t r u c t u r e p r e p a r e d to f a c i l i t a t e spa t i a l a n a l y s i s . 
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C o n s i d e r i n g the ex ten t of the s tudy a rea the leve l of i n f o r m a t i o n 
r e q u i r e d for p l a n n i n g , t ime f r a m e , spa t i a l r e s o l u t i o n of v a r i a b l e 
s a t e l l i t e d a t a b a s e , maps w e r e g e n e r a t e d on 1 :50 ,000 sca le . The 
i n f o r m a t i o n c o n t e n t , c l a s s i f i c a t i o n s y s t e m , m e t h o d o l o g y for 
interpretation has been divided into the following steps (Figure 3.4): 
1. P re f i e ld R e c o n n a i s s a n c e 
2. F i e l d w o r k for g round v e r i f i c a t i o n of s e c o n d a r y da ta as well 
as p r i m a r y da ta c o l l e c t i o n . 
3. Pos t f i e ld l abo ra to ry c o r r e c t i o n s and f i n a l i s a t i o n of maps . 
1. P R E F I E L D R E C O N N A I S S A N C E 
T h e pre f i e ld work has been c a r r i e d out as f o l l o w s : 
> C o l l e c t i o n of sa t e l l i t e da ta and SOI t o p o g r a p h i c a l m a p s for the 
s tudy a rea . 
> S c a n n i n g of the w h o l e area in the i m a g e r y to h a v e p r e l i m i n a r y 
k n o w l e d g e of the s tudy a rea as w e l l as f o r m u l a t i o n of t e n t a t i v e 
l and u s e / l a n d cover c l a s s i f i c a t i o n s c h e m e . 
> T h e base map was p r e p a r e d on 1 : 5 0 . 0 0 0 s c a l e . Al l the na tu ra l 
and m a n m a d e de ta i l s l ike d r a i n a g e , r a i l w a y and r o a d s were 
i n c o r p o r a t e d in the base m a p fo r easy t r a n s f e r of d e t a i l s f o r m the 
i n t e r p r e t e d ove r l ays . 
> In o r d e r to i n t e rp re t the s a t e l l i t e da t a f o r v a r i o u s t h e m e s a 
c l a s s i f i c a t i o n sys t em has b e e n d e s i g n e d c o n s i d e r i n g the 
i n f o r m a t i o n e x t r a c t e d f r o m the s a t e l l i t e d a t a . T h e d e s i g n of land 
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u s e / l a n d cove r c l a s s i f i c a t i o n and i d e n t i f i c a t i o n of the sma l l e s t 
d e l i n e a t i o n uni t , k e e p i n g in v iew of the f i n a l m a p r e p r e s e n t a t i o n , 
the c l a s s i f i c a t i o n sys tem on the bas i s of i m a g e i n t e r p r e t a t i o n key 
has been g iven in A p p e n d i x - A & B. 
> T r a n s f e r of i d e n t i f i e d and i n t e r p r e t e d i n f o r m a t i o n on the base 
m a p has been done . The i n t e r p r e t e d p o l y g o n s wi th the land use 
c o d e w e r e t r a n s f e r r e d f r o m the o v e r l a y s on to the ba se map with 
the f e a t u r e s r e c o g n i z e d on the image . 
> M a r k i n g of the d o u b t f u l ca se s is ca r r i ed out on the map for f ie ld 
c h e c k i n g in o rde r to a s c e r t a i n its ac tua l use on t h e g r o u n d . 
> SOI t o p o g r a p h i c a l map , S P O T F C C and I R S - I C ( P A N ) da ta on 
1 :50 ,000 sca l e have been used to p r e p a r e the f o l l o w i n g m a p s : 
• F o u r t ime se r i e s land u s e / l a n d cove r m a p s . 
• Soi l m a p . 
• H y d r o g e o m o r p h o l o g y m a p . 
• R o a d n e t w o r k map 
• R o a d a c c e s s i b i l i t y map 
• U r b a n sp rawl map . 
2. G R O U N D V E R I F I C A I O N / F I E L D W O R K 
T h e f i e ld su rvey is a c a r d i n a l pa r t o f any p r o j e c t work , 
s p e c i a l l y w h e n w o r k i n g w i th r e m o t e s e n s i n g d a t a to c h e c k w h e t h e r 
t h e i n t e r p r e t e d i n f o r m a t i o n is c o r r e c t or no t . S e c o n d l y to 
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i n c o r p o r a t e the de ta i l s , w h i c h w e r e los t d u r i n g the i n t e r p r e t a t i o n 
s t a g e . The f i e ld work was a i m e d to a c h i e v e the f o l l o w i n g : 
• To check all the d o u b t f u l c a s e s on the g r o u n d . 
• T h e a c c u r a c y of i n t e r p r e t a t i o n w a s c h e c k e d out p o l y g o n wise . 
• T o ca r ryou t de t a i l ed su rvey and u p d a t i n g . 
• C o r r e c t i o n s : 
i. C o r r e c t i o n at c l a s s i f i c a t i o n l eve l . 
ii. C o r r e c t i o n at i n t e r p r e t a t i o n l eve l . 
i i i . C o r r e c t i o n at d e l i n e a t i o n l eve l . 
• C o l l e c t i o n of s e c o n d a r y da ta . 
D E T A I L S OF F I E L D W O R K A R E AS F O L L O W S 
• R e c o n n a i s s a n c e S u r v e y : is i m p o r t a n t to h a v e a feel of the 
a rea and to he lp loca te o n e s e l f on the g r o u n d . In th i s p r o c e s s base 
m a p w i th m a j o r n e t w o r k p a t t e r n and m a j o r l a n d m a r k s are m a r k e d , 
w h i c h were used for r e f e r e n c e . 
• I n t e r p r e t a t i o n S u r v e y : T h e i n t e r p r e t a t i o n o v e r l a y s and the 
o r i g i n a l image w e r e t a k e n to t h e f i e l d to c h e c k w h e t h e r it was 
c o r r e c t l y i n t e r p r e t e d or no t . C o r r e c t i o n s w e r e m a d e wi th r e s p e c t to 
c l a s s i f i c a t i o n , i n t e r p r e t a t i o n and d e l i n e a t i o n . T h o s e p o l y g o n s , 
w h i c h w e r e w r o n g l y i n t e r p r e t e d , w e r e m a p p e d w i th a s e p a r a t e 
c o l o u r and new land use c o d e s w e r e g i v e n . 
• C h e c k i n g of U n r e s o l v e d P o i n t s : T h e p o l y g o n s w h i c h were 
d i f f i c u l t to i n t e r p r e t e d u r i n g t h e p r e f i e l d i n t e r p r e t a t i o n w e r e g iven 
Ill 
c o d e No . 99. T h e s e were c h e c k e d and v e r i f i e d and i n c o r p o r a t e d on 
the map . 
U C o r r e c t i o n s : The c o r r e c t e d l and use w e r e m a r k e d on the 
o v e r l a y s and i n c o r p o r a t e d on the f i na l m a p . T h i s is aga in an 
i m p o r t a n t par t of f ie ld e x e r c i s e b e c a u s e to h a v e a t r u t h f u l r ecord of 
the l a n d u s e , the c o r r e c t i o n s need to be d o n e on the f i e ld i t se l f . 
P O I N T S OF C A U T I O N : 
I n t e r p r e t a t i o n a c c u r a c y d e p e n d s u p o n the p e r c e p t i o n of the 
p e r s o n and va r i e s f r o m p e r s o n to p e r s o n . It a l s o d e p e n d s upon the 
k ind of da ta be ing h a n d l e d and its spa t i a l and s p e c t r a l r e s o l u t i o n s . 
T h i s is aga in i n f l u e n c e d by s o m e f a c t o r s l ike l o c a t i o n - a s s o c i a t i o n 
and g e o g r a p h i c a l f a m i l i a r i t y of the r e g i o n . 
D u r i n g the f i e ld su rvey it is a l w a y s n e c e s s a r y to loca te 
o n e s e l f on the g round as we l l as on the i m a g e r y . T h e exac t loca t ion 
can f u r t h e r be v e r i f i e d wi th the he lp of t o p o g r a p h i c m a p . Once the 
l o c a t i o n and o r i e n t a t i o n is c o n f i r m e d t h e n on ly one shou ld m o v e 
a r o u n d . The sca le f a c t o r and the g r o u n d d i s t a n c e s h o u l d a lways be 
in the mind of the i n t e r p r e t e r . M a j o r l a n d f o r m s nea rby shou ld 
a l w a y s be t aken into c o n s i d e r a t i o n fo r m o v e m e n t . 
F i n a l l y , the i n t e r e s t and e x p e r i e n c e of t h e i n t e r p r e t e r to 
e x t r a c t m o r e i n f o r m a t i o n and to i n c o r p o r a t e the s a m e i m m e d i a t e l y 
so tha t the v a l u a b l e i n f o r m a t i o n c o l l e c t e d d o e s no t f i z z l e out and 
los t l a te r . 
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3. P O S T F I E L D W O R K 
T h e pos t f i e l d w o r k a s p e c t s of the r e s e a r c h c o n s i s t of: 
• F i n a l i s a t i o n of l a n d u s e / l a n d cove r c l a s s i f i c a t i o n sys t em g iven in 
A p p e n d i x - C & D. 
• P r e p a r a t i o n of the f ina l l a n d u s e / l a n d c o v e r m a p s by 
i n c o r p o r a t i n g the n e c e s s a r y c o r r e c t i o n s and m o d i f i c a t i o n s 
d u r i n g the f i e l d w o r k . 
• D i g i t i s a t i o n of all the t h e m a t i c l aye r s . 
• U r b a n a reas d e l i n e a t i o n and t r a n s f e r of all t he bu i l t up area 
b o u n d a r i e s to a c o m m o n b a s e map was d o n e fo r c o m p u t a t i o n of 
ae r i a l g r o w t h of the ci ty fo r u r b a n s p r a w l m a p p i n g . (The 
d a t a b a s e used and m e t h o d o l o g y s t eps a d o p t e d fo r u rban sp rawl 
m a p p i n g are g iven in f i g u r e 3 .5) . 
• C a l c u l a t i o n of a rea u n d e r v a r i o u s l and use c l a s s e s for 
c o m p a r i s o n p u r p o s e . 
• P r e p a r a t i o n of f ina l a spec t m a p s fo r s u i t a b i l i t y a n a l y s i s . 
• P r e p a r a t i o n of a su i t ab i l i t y r a t i n g of l and q u a l i t y p a r a m e t e r s for 
the u r b a n use of land g iven in A p p e n d i x - E 
A n a l y s i s of the p h y s i c a l p a r a m e t e r s t h r o u g h G I S f o r s e l e c t i o n of 
n e w l o c a t i o n s for r e s i d e n t i a l / u r b a n d e v e l o p m e n t . ( F i g u r e 3.6 is 
s h o w i n g the m e t h o d o l o g y a d o p t e d f o r s i t e s u i t a b i l i t y ana lys i s 
f o r u r b a n e x p a n s i o n of A l i g a r h C i ty ) . 
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F I G U R E 3.6 : W O R K F L O W F O R S I T E S U I T A B I L I T Y A N A L Y S I S 
Base Map 
D a t a b a s e 
Satellite Data Colletaral Data 
I 
Landuse 
Map 
Vacant, 
waste, 
Fallow land 
Scattered 
tree 
Hydrogeo 
morphology 
Map 
SOI topo-
graphical 
Map 
Ancillary 
Data 
Ground 
Water 
potential 
zone map 
Digitisation 
GiS Analysis 
Weightage & Scoring 
I 
Multi Criteria Analysis 
(Suitability Analysis) 
Appl icat ion of Suitabil i ty Criteria 
S, Class S2 Class S3 Class 
Land Suitabil i ty Map 4-
Road Detailed Base Soil Master 
Map Map Map Plan 
N Class 
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• M u l t i p l e da ta ana ly s i s . 
• P r e p a r a t i o n of f ina l maps , t ab l e s cha r t s and d i a g r a m s . 
• C a u s a l e x p l a n a t i o n and ana ly t i c a l c o m p o s i t i o n of the r epo r t . 
3.5 . I M A G E A N A L Y S I S S O F T W A R E S U S E D 
A n a l y s i s of the spa t i a l da ta of the s tudy a r ea is c a r r i ed out 
in to t h r e e p h a s e s u s i n g f o l l o w i n g d i f f e r e n t s o f t w a r e s : 
I D i g i t i s a t i o n in G I S N I C s o f t w a r e . 
II E d i t i n g and t o p o l o g y c r e a t i o n was c a r r i e d out on PC 
A R C / I N F O . 
III A n a l y s i s on S P A N S , and A r c v i e w , and 
IV Dig i t a l I m a g e P r o c e s s i n g on E R D A S I M A G I N E . 
T h e d i g i t i s a t i o n of the spa t i a l da ta of A l i g a r h ci ty and its 
s u r r o u n d i n g s was ca r r i ed out u s ing G I S N I C 2.0 on xen ix 
e n v i r o n m e n t . T h e da ta was t hen p o r t e d to PC A r c / I n f o for f u r t h e r 
e d i t i n g . S P A N S , GIS s o f t w a r e was used for s o m e of the i m p o r t a n t 
a n a l y s i s f e a t u r e s l ike m u l t i - c r i t e r i a a n a l y s i s ( f o r su i t ab i l i t y 
m a p p i n g ) and c h a n g e d e t e c t i o n ove r d i f f e r e n t t i m e se r i e s . Each 
s o f t w a r e and its f u n c t i o n s used h a v e been d e s c r i b e d b r i e f l y . 
G e n e r a l l y , fo r a h u g e c o m m e r c i a l p r o j e c t , t he c h o i c e of a 
s o f t w a r e is r a the r o p e n . It d e p e n d s u p o n t h e n a t u r e of the p r o j e c t , 
t he t ypes of p r o b l e m has b e e n t a k e n , t h e f i n a n c i a l r e s o u r c e s 
a v a i l a b l e and the m e r i t s and d e m e r i t s or c a p a b i l i t y of the s o f t w a r e . 
But fo r a c a d e m i c po in t of v i e w it is not p o s s i b l e , b e c a u s e w e have 
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l i m i t e d f i n a n c i a l r e s o u r c e s . So, he re the a v a i l a b i l i t y of the 
s o f t w a r e for a pa r t i cu l a r use was the only c o n s i d e r a t i o n for the 
s e l e c t i o n of the s o f t w a r e . As th i s par t of the a n a l y s i s w o r k was 
c a r r i e d out in N a t i o n a l I n f o r m a t i o n C e n t r e ( N I C ) , H e a d q u a r t e r , 
N e w D e l h i , t he se w e r e the only s o f t w a r e a v a i l a b l e in C I S d iv i s ion 
t h e r e . A r c - v i e w and E R D A S I M A G I N E s o f t w a r e w e r e a l so used . 
A r c V i e w , (GIS s o f t w a r e ) for s c reen d i g i t i s a t i o n of d ig i t a l images 
and E R D A S to p e r f o r m Dig i t a l I m a g e P r o c e s s i n g . T h i s par t of the 
w o r k w a s ca r r i ed out in G e o i n f o r m a t i c d i v i s i o n of I n d i a n In s t i t u t e 
of R e m o t e S e n s i n g , N R S A , D e p a r t m e n t of S p a c e , D e h r a D u n . 
3.5.1 GISNIC 
G I S N I C ( v e r s i o n 2 .0) is a G e o g r a p h i c a l I n f o r m a t i o n Sys tem 
( G I S ) d e s i g n e d and d e v e l o p e d by N a t i o n a l I n f o r m a t i o n Cen t r e 
( N I C ) h e a d q u a r t e r , N e w D e l h i , to p r o v i d e the u s e w i th a set of 
t o o l s fo r r e t r i e v a l , t r a n s f o r m a t i o n and a n a l y s i s o f bo th spa t i a l and 
n o n - s p a t i a l da ta , so the user is ab le to m a n i p u l a t e and m a n a g e 
c o o r d i n a t e s ( l o c a t i o n a l ) and a t t r i b u t e ( t h e m a t i c ) da ta and p r o d u c e 
m a p s as we l l as t a b u l a r r e p o r t s . It is the s t a t e - o f - a r t p r o d u c t fo r 
d e s k t o p m a p p i n g on SCO U n i x / X n i x p l a t f o r m . 
T h e v a r i o u s c a p a b i l i t i e s of G I S N I C a re : 
• It i n t e g r a t e s spa t i a l and o the r k i n d s of i n f o r m a t i o n w i t h i n a 
s i n g l e s y s t e m . 
• It c o n n e c t s i n f o r m a t i o n b e t w e e n d i f f e r e n t a c t i v i t i e s ba sed on 
s p a t i a l p r o x i m i t y . 
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• It s t o r e s i n f o r m a t i o n us ing spa t ia l i n d i c e s tliat m a k e it p o s s i b l e 
to i d e n t i f y f e a t u r e s loca ted in an a r b i t r a r y r e g i o n of a map . 
• M e a n i n g f u l m a t h e m a t i c a l and s t a t i s t i c a l c a l c u l a t i o n s can be 
m a d e on the da ta and the r e su l t s can be s h o w n e i the r in t abu l a r 
f o r m or g r a p h i c a l f o r m re l a t ed to the s p a t i a l pos i t i on (if 
p o s s i b l e ) of o b j e c t s . 
Wi th t he se c a p a b i l i t i e s , G I S N I C is a v a l u a b l e s o f t w a r e to 
h e l p the user to v i s u a l i z e spa t i a l da ta and to he lp in b u i l d i n g 
d e c i s i o n s u p p o r t sys t em for uses in b u s i n e s s and g o v e r n m e n t . 
3 . 5 . 1 . 1 G E T T I N G S P A T I A L D A T A I N T O G I S N I C 
G e n e r a l l y , a GIS p r o j e c t can be o r g a n i z e d in to a se r ies of 
l og i ca l s t eps , each of w h i c h b u i l d s upon the p r e v i o u s one . M a n y of 
t h e GIS p r o j e c t s f o l l o w a s i m i l a r s e q u e n c e . 
T h e mos t c r i t i ca l and o f t e n the mos t t i m e c o n s u m i n g par t of 
the p r o j e c t is the d a t a b a s e b u i l d i n g . T h e c o m p l e t e n e s s and a c c u r a c y 
of the d a t a b a s e d e t e r m i n e s the qua l i t y of the a n a l y s i s and f ina l 
r e s u l t s . The spa t i a l p o r t i o n of n e w layer is c r e a t e d by d i g i t i z i n g in 
D I G I T I Z E , m o d u l e of G I S N I C . 
i) D A T A C A P T U R E 
D a t a of a map can be c a p t u r e d by d i g i t i z i n g each f e a t u r e , one 
by one , or by u s ing an e l e c t r o n i c s c a n n e r to c a p t u r e an en t i r e shee t 
o f f e a t u r e s . D a t a in the f o r m of k n o w n c o o r d i n a t e v a l u e s can a lso 
be c a p t u r e d by t y p i n g in the e x a c t X and Y c o o r d i n a t e s . 
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ii) D I G I T I Z I N G 
D i g i t i z i n g is the p r o c e s s of c o n v e r t i n g the s p a t i a l f e a t u r e s on 
a m a p in to a d ig i t a l f o r m a t . Po in t , l ine and a r ea f e a t u r e s that form 
a m a p are c o n v e r t e d into x, y c o o r d i n a t e s . 
D i g i t i z i n g i n v o l v e s m a n u a l l y t r a c i n g all f e a t u r e s on a map. 
T h i s can be d e m o n s t r a t e d by t a k i n g any m a p m a n u s c r i p t and 
b r e a k i n g it in to its c o m p o n e n t pa r t s a n u m b e r of p o i n t s and l ines . 
i i i ) D I G I T I Z I N G T E C H N I Q U E S 
The mos t c o m m o n d i g i t i z e r used fo r m a p p i n g c o n s i s t s of a 
f i n e wi red gr id e m b e d d e d in the s u r f a c e of a t ab l e . S m a l l e r 
d i g i t i z i n g t a b l e s are s o m e t i m e s r e f e r r e d to as d i g i t i z i n g t ab l e t s . To 
d i g i t i z e , the map mus t be t a p e d d o w n to a d i g i t i z i n g t a b l e and the 
p o i n t s and l ines t r aced wi th a d i g i t i z e r c u r s o r or ' k e y p a d ' . 
The bu t t on on the k e y p a d have been p r o g r a m m e d to p e r f o r m 
f u n c t i o n s such as r e c o r d i n g a po in t as b e g i n n i n g a l ine . As a key 
p a d b u t t o n is p r e s s e d , the c o m p u t e r r e c o r d s t h e c u r r e n t x, y 
c o o r d i n a t e l o c a t i o n s of that p o s i t i o n in d i g i t i z e r un i t . Th i s then 
b e c o m e s the x, y c o o r d i n a t e of the p o i n t f e a t u r e or n u m b e r of the 
p o i n t s c o m p r i s i n g a l ine or p o l y g o n . 
An i n t e r s e c t i o n is f o r m e d w h e n e v e r t w o or m o r e l ines meet 
at the s a m e l o c a t i o n . W h e n d i g i t i z i n g , one h a s e i t h e r to choose 
i n p u t , e ach i n t e r s e c t i o n exp l i c i t wi th a n o d e , or m a y opt to ignore 
i n t e r s e c t i o n and inpu t a n u m b e r of l o n g e r l i ne s . B o t h the ways are 
a c c e p t a b l e . 
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3 . 5 . 1 . 2 D I G I T I Z I N G M A P S IN G I S N I C 
The G I S N I C m o d u l e , D I G I T I Z E is used to c rea t e a base map 
and / or c l ass by d e f i n i n g r e f e r e n c e po in t at a d i g i t i z i n g s t a t i on , 
a d d i n g s e g m e n t s and label p o i n t s . 
W h i l e d i g i t i z i n g , r e s p o n s e , are e n t e r e d f r o m e i the r the 
k e y b o a r d a t t a c h e d to the PC or the k e y p a d a t t a c h e d to the 
d i g i t i z i n g t ab l e . When us ing the k e y p a d , s o m e r e s p o n s e are m a d e 
u s i n g j u s t the bu t tons , w h i l e o the r c o m b i n e a b u t t o n wi th a 
l o c a t i o n i d e n t i f i e d by the cen t r e of the k e y p a d c r o s s h a i r s . 
F o l l o w i n g are the s teps i n v o l v e d in d i g i t i z a t i o n . 
i) C R E A T I O N OF B A S E M A P 
N e w map in the c u r r e n t w o r k a rea , n e e d to p r o v i d e the 
f o l l o w i n g i n f o r m a t i o n for d e s c r i b i n g m a p i d e n t i f i c a t i o n . 
M a p N a m e : 
D e s c r i p t i o n : 
Sca l e : 
P r o j e c t : 
Al l the da ta need to be e n t e r e d f r o m the k e y b o a r d . 
ii) E X T E N T OF B A S E M A P 
The b o u n d a r y of the m a n u s c r i p t can be c r e a t e d by d i g i t i z i n g 
t w o o p p o s i t e e n d - p o i n t s . T y p i c a l l y , th i s b o u n d a r y is s l i gh t ly l a rge r 
t h a n the da ta b e i n g d i g i t i z e d . 
i i i ) M A P D E S C R I P T I O N F I L E : 
By n o w j u s t the in i t i a l map d e s c r i p t i o n f i l e ( m a p . d b f ) in 
c u r r e n t w o r k a rea is c r e a t e d . The en t ry c o n t a i n s all d e s c r i p t i v e 
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i n f o r m a t i o n and map e x t e n t s i .e . , m i n i m u m and m a x i m u m 
c o o r d i n a t e s for all s e g m e n t s and p o i n t s . 
E n t e r i n g the b o u n d a r y does not add p o i n t s to the c lass be ing 
d i g i t i z e d . Ins t ead , it d e f i n e s a w i n d o w w i t h i n w h i c h all da ta is 
c o n t a i n e d . The loca t ion e n t e r e d wi l l be the m i n i m u m and m a x i m u m 
X and y c o o r d i n a t e s . 
iv) R E F E R E N C E P O I N T S 
To e s t ab l i sh c o o r d i n a t e s fo r the n e w m a p , the r e f e r e n c e 
p o i n t - I d ' s are d ig i t i z ed wi th the i r c o r r e s p o n d i n g l o c a t i o n s us ing 
the d i g i t i z i n g t ab le and k e y p a d . In th i s way d i g i t i z i n g r e f e r e n c e 
p o i n t is a two s tep p r o c e s s . : 
i. E n t e r i n g a r e f e r e n c e p o i n t Id f r o m the k e y b o a r d , and 
ii. E n t e r i n g the c o r r e s p o n d i n g l o c a t i o n by p o s i t i o n i n g the 
k e y p a d c r o s s h a i r and p r e s s i n g any a c t i v e b u t t o n . 
V) D I G I T I Z I N G F R O M A M A P 
At th is po in t , one has the r e f e r e n c e p o i n t s f o r m the a rea to be 
d i g i t i z e d . N o w it is r eady to c r e a t e d ig i t a l m a p by d i g i t i z i n g f r o m 
the m a p m a n u s c r i p t . For d i g i t i z i n g the r e g i o n f o l l o w i n g s teps 
s h o u l d be t a k e n : 
A. R e o r i e n t a t i o n of map 
B. D i g i t i z a t i o n of s e g m e n t 
C. D i g i t i z a t i o n of l abe l p o i n t s 
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A. R E O R I E N T A T I O N O F M A P 
To es t ab l i sh r e g i s t r a t i o n c o o r d i n a t e s f o r tlie new c lass tlie 
s a m e r e f e r e n c e po in t Ids and c o r r e s p o n d i n g l o c a t i o n s used ea r l i e r 
a re d i g i t i z e d . As b e f o r e , e n t e r i n g the I d ' s and l o c a t i o n s wi th the 
d i g i t i z i n g k e y p a d and its c r o s s h a i r . A f t e r , all the r e f e r e n c e p o i n t s 
a re e n t e r e d , an R M S e r ro r is c a l c u l a t e d in d i g i t i z e r un i t s and 
d i s p l a y e d in a d i a l o g u e box . T h i s v a l u e t e l l s h o w w e l l p r e v i o u s set 
of r e f e r e n c e p o i n t s are m a t c h e d . 
C o n s i d e r i n g how m u c h e r ro r one is w i l l i n g to accep t , 
m a x i m u m v a l u e s for a c c e p t a b l e R M S e r ro r is se t , then a d h e r e to 
t ha t v a l u e , e n s u r e that the qua l i t y of the da t a b e i n g en t e r ed is 
m a i n t a i n e d at that level of a c c u r a c y . For p e r f e c t r e o r i e n t a t i o n , an 
R M S of 0 .00 is i m p r o b a b l e . So w h e n d i g i t i z i n g in i n c h e s , u sua l ly 
the l imi t s se ts at 0 . 0 0 3 or 0 . 0 0 4 . If R M S e r r o r is too h igh , 
r e o r i e n t a t i o n of the m a p is r e c o m m e n d e d a g a i n . 
S e t t i n g the F u z z y T o l e r a n c e : B e f o r e a d d i n g s e g m e n t s to the new 
c l a s s , it was h e l p f u l to e s t a b l i s h a n o d e s h a p i n g e n v i r o n m e n t . As 
e a c h n e w s e g m e n t is a d d e d the s t a r t i n g or e n d i n g n o d e may fa l l 
w i t h i n a g iven d i s t a n c e of an e x i s t i n g n o d e . 
Orginal Node ^ New Node 
(Snapped Node) 
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This new node loca t ion wi l l snap to the e x i s t i n g n o d e , if it is 
w i t h i n the Fuzzy T o l e r a n c e l imi t s . Th i s h e l p s to e n s u r e that 
s e g m e n t c o n t a c t co r r ec t l y to a d j o i n i n g s e g m e n t s . 
B. D I G I T I Z I T I O N OF S E G M E N T S 
D i g i t i z a t i o n s t a r t ed by s e l e c t i n g the c r e a t e f e a t u r e op t ion 
f r o m m e n u bar and A D D S E G M E N T o p t i o n by p r e s s i n g the " T' 
b u t t o n of the k e y p a d . T h e m e n u for a d d i n g s e g m e n t s then 
a p p e a r e d . S e g m e n t s w e r e d i g i t i z e d , user j u d g e m e n t d e t e r m i n e s 
w h e r e to p l ace i n t e r m e d i a t e p o i n t s . Th i s w a s d o n e by p o s i t i o n i n g 
the cu r so r on an i n t e r m e d i a t e p o i n t , and then p r e s s i n g "M". 
G e n e r a l l y many i n t e r m e d i a t e p o i n t s are no t a lways be t t e r . It 
i n c r e a s e s the a m o u n t of da ta tha t n e e d s to be s t o r e d and p r o c e s s e d . 
C. D I G I T I S A T I O N O F L A B E L P O I N T S 
P o i n t s or labe l p o i n t s w e r e a d d e d by s e l e c t i n g C R E A T E 
F E A T U R E and then p r e s s i n g " 2 " b u t t o n . B e f o r e a d d i n g f i r s t po in t 
it is l ike ly to c h a n g e the c u r r e n t u s e r - i d v a l u e . By d e f a u l t , f i r s t 
f e a t u r e (po in t or s e g m e n t ) w a s a s s i g n e d a u s e r - i d of 1. Once 
e n t e r e d , the v a l u e of the nex t u se r - i d w a s a u t o m a t i c a l l y i n c r e a s e d 
by 1. The i n c r e m e n t v a l u e be a lso c h a n g e d , w i th the user 
r e q u i r e m e n t . 
The p o i n t s w e r e d i g i t i z e d by p o s i t i o n i n g t h e k e y p a d c r o s s h a i r 
o 
at the d e s i r e d l o c a t i o n and p r e s s i n g " 1 " b u t t o n . 
National Informatics Centre (1997) 'G ISNIC Woricing Manual ' . 
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A f t e r d i g i t i z a t i o n , all the layers w e r e t hen e x p o r t e d in to LIN 
f o r m a t for ca r ry ing out e d i t i n g work in A r e / I n f o e n v i r o n m e n t . 
3 .5 .2 A R C / I N F O 
A r c / I n f o is a G e o g r a p h i c a l I n f o r m a t i o n S y s t e m for ESRI 
( E n v i r o n m e n t a l Sys tem R e s e a r c h I n s t i t u t e , Inc . C a l i f o r n i a ) used to 
a u t o m a t e , m a n i p u l a t e , a n a l y s e and d i sp l ay g e o g r a p h i c da ta in 
d ig i t a l f o r m . It is c h a r a c t e r i z e d by its da ta m o d e l , t he GIS f u n c t i o n 
it p e r f o r m s , its m o d u l a r d e s i g n , its ab i l i ty to i n t e g r a t e many types 
of da t a . 
W H A T IS A R C / I N F O ? 
A R C - is the ma in p r o g r a m m i n g e n v i r o n m e n t in A r c / I n f o . It 
c o n t a i n s c o m m a n d s w h i c h s ta r t each of the o t h e r s u b - s y s t e m and 
a l so has e x c l u s i v e c a p a b i l i t i e s f o r : 
D a t a c o n v e r s i o n . 
M a p d i g i t i z a t i o n and e d i t i n g . 
E r r o r check and v e r i f i c a t i o n . 
C o o r d i n a t e p r o j e c t i o n and t r a n s f o r m a t i o n . 
M a n a g e m e n t and m a n i p u l a t i o n of f e a t u r e a t t r i b u t e s . 
A n a l y t i c a l o p e r a t i o n s l ike m a p o v e r l a y , b u f f e r , g e n e r a t i o n of 
n e i g h b o u r h o o d a n a l y s i s r e p o r t i n g of s u m m a r y s t a t i s t i c s e tc . 
Al l t h e s e c a p a b i l i t i e s are s u p p o r t e d by d i f f e r e n t m o d u l e s 
l ike , A R C E D I T , A R C P L O T , A R C T I N , A R C G R I D , A R C 
N E T W O R K etc . 
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I N F O - is a c o m p l e t e r e l a t i ona l d a t a b a s e m a n a g e r for t a b u l a r 
da t a a s s o c i a t e d wi th g e o g r a p h i c f e a t u r e s . I N F O was used to 
m a n i p u l a t e and upda t e f e a t u r e a t t r i bu t e s by p e r f o r m i n g logica l and 
a r i t h m e t i c o p e r a t i o n of the rows and c o l u m n s of the t ab le . 
3 . 5 . 2 . 1 E D I T I N G A N D T O P O L O G Y C R E A T I O N IN 
A R C / I N F O 
C o n c e p t of T o p o l o g y : 
As we k n o w map f e a t u r e s can be r e p r e s e n t e d as po in t s , l ines , 
and p o l y g o n s . T h e r e is s o m e a d d i t i o n a l i n f o r m a t i o n f r o m map 
a b o u t the spa t ia l r e l a t i o n s h i p b e t w e e n f e a t u r e s . For e x a m p l e , one 
can t r ace a rou t e a long a s t ree t to f ind the way f r o m ra i lway s ta t ion 
to a ho te l . This r e l a t i o n s h i p can be i n t e r p r e t e d by i d e n t i f y i n g 
c o n n e c t i n g l ines a long a pa th , by d e f i n i n g the a r ea e n c l o s e d wi th in 
th i s l ine and by i d e n t i f y i n g c o n t i g u o u s a r ea s . 
In d ig i t a l maps , such spa t i a l r e l a t i o n s h i p s a re d e p i c t e d us ing 
t o p o l o g y . T o p o l o g y is a m a t h e m a t i c a l p r o c e d u r e for exp l i c i t l y 
d e f i n i n g spa t ia l r e l a t i o n s h i p s . For m a p s , t o p o l o g y d e f i n e s 
c o n n e c t i o n s b e t w e e n f e a t u r e s , i d e n t i f i e s a d j a c e n t p o l y g o n s and can 
d e f i n e one f e a t u r e , such as an a rea , as a se t o f o t h e r s ( i .e . l ines) . 
T h e t h r e e t o p o l o g i c a l c o n c e p t of a GIS ( A r c / I n f o ) a l so a re : 
• A r c s c o n n e c t to each o the r at n o d e s ( c o n n e c t i v i t y ) . 
• A r c s that c o n n e c t to s u r r o u n d an a r ea d e f i n e s a p o l y g o n 
( c o n t a i n m e n t or a rea d e f i n i t i o n ) . 
• A r c s have d i r e c t i o n s and l e f t and r i gh t s i d e s ( c o n t i g u i t y ) . 
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In the p r e v i o u s p h a s e ( d i g i t i z a t i o n ) , d ig i t a l ve r s ion of all the 
l aye r s h a v e been c r ea t ed . N o w to e n s u r e tha t t he spa t ia l data is 
c o r r e c t , f o l l o w i n g s teps had been p e r f o r m e d : 
• C o n s t r u c t t o p o l o g y 
• I d e n t i f y e r ro r s 
• C o r r e c t E r ro r s 
• R e c o n s t r u c t T o p o l o g y 
S t e p I: C O N S T R U C T T O P O L O G Y : 
T o p o l o g y m a d e e x p l i c i t l y the r e l a t i o n s h i p s b e t w e e n 
g e o g r a p h i c f e a t u r e s w i t h i n any g iven c o v e r a g e .The p r o c e s s of 
m a k i n g t h e s e r e l a t i o n s h i p e x p l i c i t h e l p e d to i d e n t i f y any e r ro r that 
e x i s t e d in the da ta . S o m e of the c o m m o n e r r o r s tha t t o p o l o g y 
c o n s t r u c t i o n i d e n t i f i e d are as f o l l o w s ; 
• A r c s tha t do not c o n n e c t to o the r a rcs . 
• P o l y g o n s tha t are not c l o s e d . 
• P o l y g o n s tha t have no labe l p o i n t or too may l abe l p o i n t s . 
• U s e r Ids tha t are not u n i q u e . 
C o n s t r u c t i n g t o p o l o g y i d e n t i f i e d t h e s e e r r o r s b e c a u s e w h e n 
t h e t o p o l o g y is c r e a t e d , arc i n t e r s e c t i o n s are c r e a t e d , the arcs that 
m a k e up each p o l y g o n are i d e n t i f i e d and a l abe l p o i n t is a s s o c i a t e d 
w i t h e a c h p o l y g o n . Unt i l the t o p o l o g y is c o n s t r u c t e d , no p o l y g o n 
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e x i s t e d and arcs tha t c ross each o the r w e r e not c o n n e c t e d at a n o d e 
s i n c e t h e r e was no i n t e r s e c t i o n . 
A r c / I n f o p r o v i d e s two c o m m a n d s to a u t o m a t i c a l l y c rea t e 
t o p o l o g y : B U I L D and C L E A N . A l t h o u g h bo th w e r e used to 
c o n s t r u c t t o p o l o g y and c r ea t e f e a t u r e a t t r i b u t e t a b l e s , they d i f f e r e d 
s o m e h o w . 
• B U I L D p r o c e s s po in t s , l ines and p o l y g o n s , w h e r e a s C L E A N 
p r o c e s s only l ines and p o l y g o n s . 
• B U I L D r e c o g n i s e d on ly e x i s t i n g i n t e r s e c t i o n (d i s c r e t e 
d i g i t i z i n g ) w h e r e a s , C L E A N c r e a t e d i n t e r s e c t i o n w h e r e v e r l ines 
c r o s s e d one a n o t h e r ( s p a g h e t t i d i g i t i z i n g ) . 
• M o r e s p e c i f i c a l l y , B U I L D a s s u m e s tha t t he c o o r d i n a t e da ta has 
a l r e a d y been c o r r e c t e d , w h e r e a s , C L E A N f i n d a rcs tha t c ross 
and p l a c e s a n o d e at each i n t e r s e c t i o n . 
F E A T U R E A T T R I B U T E T A B L E S 
F e a t u r e a t t r i bu t e t a b l e s are da ta f i l e s a s s o c i a t e d wi th each 
f e a t u r e type . For e x a m p l e , c o n s t r u c t i n g t o p o l o g y for a p o l y g o n 
c o v e r a g e c r e a t e s a P O L Y G O N A T T R I B U T E T A B L E ( P A T ) ; and 
f o r a l ine c o v e r a g e , an A R C A T T R I B U T E T A B L E ( A A T ) ; and for 
a p o i n t c o v e r a g e , a P O I N T A T T R I B U T E T A B L E ( P A T ) . E a c h one 
of t h e s e t ab l e s is c o m p o s e d of r o w s and c o l u m n s . 
Step II: TO I D E N T I F Y D I G I T I Z I N G E R R O R S 
M o s t of the d i g i t i z i n g e r ro r s w e r e i d e n t i f i e d by c o m p a r i n g 
the p lo t and the s o u r c e m a p . A r c / I n f o m a d e p o t e n t i a l n o d e e r ro r s 
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w i t h s p e c i a l s y m b o l s . The two type of n o d e s and the p o t e n t i a l 
e r r o r s they r e p r e s e n t e d were : 
i) P S E U D O N O D E , d r awn wi th a d i a m o n d symbo l (0)., 
a p p e a r e d w h e r e a s ing le l ine c o n n e c t e d w i th i t s e l f (an i s l and) 
or w h e r e only two arcs i n t e r e s t e d . P s e u d o n o d e did not 
n e c e s s a r i l y i nd i ca t e an i s land (a spa t i a l p s e u d o n o d e ) or the 
p o i n t w h e r e a road c h a n g e f r o m p a v e m e n t to g r ave l (an 
a t t r i b u t e p s e u d o node ) . 
ii) A D A N G L I N G N O D E , r e p r e s e n t e d by a s q u a r e s y m b o l (G), 
r e f e r r e d to the u n c o n n e c t e d n o d e of a d a n g l i n g arc . E v e r y arc 
b e g a n and e n d e d at a n o d e p o i n t . So, if a s e g m e n t did not 
c l o s e p r o p e r l y (unde r - shoo t ) , or w a s d i g i t i z e d pas t an 
i n t e r s e c t i o n have ( o v e r s h o o t ) , it did r e g i s t e r a d a n g l i n g node . 
It is a lways be t t e r to h a v e o v e r s h o o t t h a n u n d e r s h o o t s 
b e c a u s e e d i t i n g an o v e r s h o o t is m u c h m o r e e a s i e r than 
e d i t i n g an u n d e r s h o o t . 
S t e p III : C O R R E C T I N G T H E E R R O S 
C o r r e c t i n g the e r ro r s was one of the m o s t i m p o r t a n t s t eps in 
c o n s t r u c t i n g the d a t a b a s e . U n l e s s e r ro r w e r e c o r r e c t e d , area 
c a l c u l a t i o n s , any ana lys i s and s u b s e q u e n t m a p s c o u l d no t have 
b e e n v a l i d . C o r r e c t i n g e r ro r s s imply m e a n s t h a t m i s s i n g da ta was 
a d d e d and bad da ta w a s r e m o v e d and r e p l a c e d by t h e c o r r e c t da ta . 
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ERROR ACTION 
M i s s i n g a r c ( s ) D r a w t h e m 
M i s s i n g l a b e l p o i n t s M a r k p o s i t i o n a n d u n i q u e U s e r - I D 
M o r e t h a n o n e l a b e l p o i n t in a 
p o l y g o n 
I d e n t i f y w h i c h o n e ( s ) t o d e l e t e . 
A g a p b e t w e e n t w o a r c s o r an 
u n c l o s e d p o l y g o n 
I n d i c a t e w h i c h a r e t o e x t e n d or w h i c h 
n o d e to m o v e . 
A n o v e r s h o o t I n d i c a t e w h e t h e r it s h o u l d b e d e l e t e d . 
A n u n d e r s h o o t M e r g e n o d e s o r e x t e n d a r c 
I n c o r r e c t U s e r - I D v a l u e s M a r k t h e c o r r e c t v a l u e 
For co r r ec t ing these e r rors one had to go to A r c e d i t . In this 
case data had been added by d ig i t i z i ng . 
L I S T OF C O R R E C T I O N S 
• Data to be added by d ig i t i z i ng 
E D I T F E A T U R E 
1 
2 
Add a mi s s ing label L A B E L 
Add a mi s s ing arc A R C 
Data to be co r r ec t ed u s ing the g r aph i c s c reen 
J . 
4. 
5. 
6 . 
Correc t an ove r shoo t 
Cor rec t an u n d e r s h o o t 
Fix an open po lygon 
Change a label user - ID 
A R C 
N O D E 
N O D E 
L A B E L 
Step I V - R E C O N S T R U C T T O P O L O G Y 
Edi t ing the spa t ia l c h a r a c t e r i s t i c s of c o v e r a g e a l t e red the 
c o v e r a g e topo logy . In such ca se s , one had to r e c o n s t r u c t t opo logy 
to r e s t ab l i sh the spa t ia l r e l a t i o n s h i p s . A f t e r r e c o n s t r u c t i n g the 
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t o p o l o g y , one had to r epea t s tep II c h e c k i n g f o r any a d d i t i o n a l 
e r r o r s . Then if n e c e s s a r y s tep III and IV cou ld be r e p e a t e d 
T H E W O R K P R O C E D U R E IN A R C / I N F O F O R T H E S T U D Y 
A R E A : 
All the ' L I N ' f i l e s w e r e po r t ed in A r c / I n f o e n v i r o n m e n t a f t e r 
c o m p l e t i n g d i g i t i z a t i o n in G I S N I C . T o p o l o g y has b e e n c r ea t ed 
u s i n g C L E A N and B U I L D c o m m a n d s . U s i n g A R C E D I T m o d u l e all 
t he d a t a b a s e w a s ed i t ed and d a n g l e e r ro r s h a v e b e e n r e m o v e d , then 
' l a b e l s ' w e r e g iven to the f e a t u r e s . M a p p r o j e c t i o n has been done 
v/ith the he lp of c o m m o n con t ro l po in t s . T h e r e a l - w o r l d l oca t i ons 
w e r e c o n v e r t e d f r o m d e g r e e s , m i n u t e s and s e c o n d s ( D M S ) in to 
d e c i m a l d e g r e e s ( D D ) . An empty c o v e r a g e c o n t a i n i n g only t ics was 
c r e a t e d . The f i l e for g e o r e f e r e n c i n g w a s u p d a t e d wi th t ab le 
c o m m a n d s wi th the r e a l - w o r l d c o o r d i n a t e r e c o r d e d f r o m the 
o r i g i n a l m a p . Th is c o n v e r t e d the d i g i t i z e r v a l u e s in to the i r 
c o r r e s p o n d i n g r e a l - w o r l d l o c a t i o n s . U s i n g P R O J E C T c o m m a n d the 
t ic c o o r d i n a t e s r e c o r d e d in d e c i m a l d e g r e e s of l a t i t u d e - l o n g i t u d e 
p r o j e c t in to . E O O f o r m a t to p o r t in to S P A N S f o r f u r t h e r ana ly s i s . 
3 . 5 . 3 S P A N S ( S p a t i a l A n a l y s i s ) 
3 . 5 . 3 . 1 W h a t is Spat ia l A n a l y s i s 
Spa t i a l ana lys i s is the ana lys i s of i n f o r m a t i o n wi th 
g e o g r a p h i c a l d i m e n s i o n . C o m p u t e r s o f t w a r e t e c h n o l o g y had been 
d e s i g n e d tha t c o m b i n e s d a t a b a s e m a n a g e m e n t and c o m p u t e r i s e d 
m a p p i n g to c r ea t e p o w e r f u l a n a l y t i c a l too l . 
' ESRI, 'Unders tanding GIS-ARC/INFO' user ' s Manual . 
1 3 0 
S P A N S - AN I N T R O D U C T I O N 
S P A N S is f r o m T Y D A C R e s e a r c h Inc . , a C a n a d i a n s o f t w a r e 
c o m p a n y based in O t t a w a . S P A N S is d e v e l o p e d on p e r s o n a l 
c o m p u t e r s . C u r r e n t o p e r a t i n g e n v i r o n m e n t s a re O S / 2 and M i c r o s o f t 
W i n d o w s . It has a l so e x p a n d e d in to m o r e p o w e r f u l U N I X 
w o r k s t a t i o n s . 
S P A N S r e f e r s to the su i t of spa t i a l a n a l y s i s s o f t w a r e . It is a 
c o m p r e h e n s i v e , g e o g r a p h i c a l a n a l y s i s s o f t w a r e tha t o f f e r s 
p o w e r f u l ana ly t i ca l f u n c t i o n a l i t y w i th the e a s e of d e s k t o p 
m a p p i n g . It can be used to c r ea t e , que ry , a n a l y s e , m o d e l and 
d i s p l a y i n f o r m a t i o n as it r e l a t e s to g e o g r a p h i c a l l o c a t i o n . It is 
r a s t e r / v e c t o r ba se s o l u t i o n , a l l o w s to i m p o r t , a n a l y s e , m o d e l and 
e x p o r t all m a j o r g e o g r a p h i c da ta t ypes . It can be u sed fo r many 
a p p l i c a t i o n to u p d a t e and m a n a g e g e o g r a p h i c d a t a , p e r f o r m si te 
s e l e c t i o n and a n a l y s i s i d e n t i f y t r e n d s and e x a m i n e spa t i a l 
r e l a t i o n s h i p s and a lso o f f e r s the ab i l i ty to d y n a m i c a l l y u p d a t e and 
m a n a g e all da ta . I n f o r m a t i o n in S P A N S can be d i s p l a y e d in f i v e 
g e o g r a p h i c f o r m a t s : 
• m a p c o m p o s i t i o n s 
• da t a layer 
• c h a r t 
• i m a g e 
• t ex t 
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All f i ve f o r m a t s can be d i s p l a y e d on the sc reen 
s i m u l t a n e o u s l y in s e p a r a t e w i n d o w s the g e o g r a p h i c w i n d o w , da ta 
w i n d o w and the cha r t s are all d y n a m i c a l l y l i n k e d . M a k e s a c h a n g e 
to the i n f o r m a t i o n in one of these w i n d o w s , the o t h e r t w o w i n d o w s 
a re u p d a t e d a u t o m a t i c a l l y . 
By c r e a t i n g , c o m b i n i n g or e d i t i n g d i f f e r e n t d a t a l aye r s , u se r s 
can c r e a t e new m a p s c o n t a i n i n g d i f f e r e n t t y p e s of i n f o r m a t i o n . 
Q u e r i e s can be c o n d u c t e d on any i n f o r m a t i o n d i s p l a y e d on the 
m a p . Q u e r y f u n c t i o n s i n c l u d e seve ra l a r eas of s a t i s f a c t i o n , such as 
g e o g r a p h i c a rea q u e r i e s , query by a d d r e s s and s t a n d a r d s t r u c t u r e d 
q u e r i e s . S t r u c t u r e query s t a t e m e n t s are easy f o r al l u se r s to c rea t e , 
e v e n t h o s e w i th no c o m p u t e r b a c k g r o u n d t h r o u g h q u e r y g e n e r a t i o n 
d i a l o g u e b o x e s . It o f f e r s a va r i e ty of a n a l y s i s and m o d e l i n g too l s 
to he lp to e x a m i n e , ana ly se and i n t e r p r e t e the d a t a . I m a g e and t ex t 
can be a p p e n d e d to any types of map f e a t u r e . 
H e r e is a b r i e f d e s c r i p t i o n of the f u n c t i o n s w h i c h had been 
u s e d in the a n a l y s i s of the s tudy a rea . 
I M A P C O M P O S I T I O N 
A m a p c o m p o s i t i o n is m a d e up of one or m a n y l aye r s . One of 
the a t t r i b u t e s f r o m each layer can be s e l e c t e d , t h e c h a l l e n g e is to 
p o r t r a y t h e s e a t t r i b u t e s g r a p h i c a l l y u s i n g t h e d e s i g n e l e m e n t s of 
c o l o u r , p a t t e r n and h i e r a r c h y . M a p c o m p o s i t i o n s a re s a v e d as list 
of l aye r s t h e s e l e c t e d a t t r i b u t e s and the m e t h o d of r e p r e s e n t a t i o n . 
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11 B U F F E R A R E A A N A L Y S I S 
Using " B u f f e r " c o m m a n d it c r e a t e s b u f f e r z o n e s a r o u n d po in t , l ine 
or a rea da ta . B u f f e r s are mos t o f t e n used in p r o x i m i t y ana ly s i s , 
w h e r e the d i s t a n c e f r o m a po in t such as we l l , p o l l u t i o n s i te or 
s o u r c e , s h o p p i n g cen t r e or t ou r i s t a t t r a c t i o n or a road is an 
i m p o r t a n t c r i t e r i a in d e t e r m i n i n g su i t ab i l i t y or r i sk . In th i s s tudy 
b u f f e r h a v e c r ea t ed a r o u n d r o a d s to d e t e r m i n e the s u i t a b i l i t y of the 
a rea as a f u n c t i o n of d i s t a n c e f r o m m a j o r r o a d for f u t u r e 
d e v e l o p m e n t . M a j o r r o a d s are c o n s i d e r e d as i m p o r t a n t p h y s i c a l 
p a r a m e t e r s for su i t ab i l i t y i d e n t i f i c a t i o n . 
B u f f e r g e n e r a t i o n is a g e o g r a p h i c o p e r a t i o n used w h e n 
a n a l y s t r e q u i r e s i d e n t i f y i n g the a rea s u r r o u n d i n g g e o g r a p h i c 
f e a t u r e s . The o p e r a t i o n w h i c h is p e r f o r m e d by the B U F F E R 
c o m m a n d g e n e r a t e s one or m o r e p o l y g o n s s u r r o u n d i n g e x i s t i n g 
g e o g r a p h i c f e a t u r e s . Th i s k i n d of p o l y g o n , ca l l ed a b u f f e r or b u f f e r 
zone , is u sed to d e t e r m i n e spa t i a l p r o x i m i t y . R e g a r d l e s s of the 
f e a t u r e c l a s s to be s u f f e r e d , the r e su l t is o u t p u t q u a d t r e e c o v e r a g e 
s t o r e d in the s tudy a rea d i r e c t o r y . 
I l l ) C H A N G E D E T E C T I O N A N A L Y S I S 
To carry out c h a n g e d e t e c t i o n a n a l y s i s in S P A N S all the map 
l aye r s w e r e f i r s t c o n v e r t e d in to q u a d t r e e . Q u a d t r e e s are the 
i n n o v a t i v e da ta s t r u c t u r e u sed by S P A N S fo r e f f i c i e n t m u l t i p l e 
m a p o v e r l a y s . 
" C H A N G E D E T E C T I O N " f u n c t i o n o v e r l a y e d t w o q u a d t r e e s 
and i n d i c a t e d the a r ea s of c h a n g e f r o m the f i r s t q u a d t r e e to the 
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s e c o n d quad t r ee . An over lay of two d i s s imi l a r c l a s se s ind ica ted an 
a rea of change . This f u n c t i o n was p a r t i c u l a r l y use fu l for 
h i g h l i g h t i n g changes that have occu r r ed over t ime as would be 
a p p l i c a b l e , for example , in land use ana lys i s . This func t ion 
g r o u p e d or aggrega ted the areas of change . A g g r e g a t i o n is a 
p r o c e s s that g roups data of s imi la r a t t r i bu te s . For example , a 
c h a n g e f r o m class 2 in the f i rs t quad t r ee to c lass 1 in the second 
q u a d t r e e ind ica ted an area of change . Each o c c u r r e n c e of this 
c h a n g e f r o m class 2 to c lass I was g r o u p e d in to one new c lass . 
G r o u p i n g data in this manner a l lowed use fu l i n f o r m a t i o n to be 
d e t e r m i n e d for the " g r o u p " as a who le . For each new c lass , this 
f u n c t i o n ca l cu la t ed : 
i. T h e area , 
ii. T h e area in c lass 1 as a p e r c e n t a g e of the to ta l area of the 
f i r s t quad t ree , 
iii. Th i s area as a p e r c e n t a g e of the total a rea of each c lass of 
the f i r s t quad t ree . 
An over lay of two iden t i ca l c l a s ses i n d i c a t e d an area of no 
c h a n g e and it was t h e r e f o r e a s s igned a c lass v a l u e of 0 and was 
e x c l u d e d f r o m the ou tpu t . A new qua d t r e e w a s c r ea t ed us ing the 
new c lass . The resu l t s of the over lay w e r e o r g a n i s e d into a table . 
Each r eco rd in the tab le was un ique b e c a u s e i d e n t i c a l c o m b i n a t i o n 
of c l a s se s had been g rouped into one new c lass . 
Quadtree 1 
i/HWJTIJ 
j^llJ 
/ Q u a d t r e e 2 
/ T " ^ / / /SUlZI/Ij 
/ 2 / 2 7 demonstrates an area of change and 
- / . a nev/ class number is assigned to the 
/ J / J / J / J / 3 / c o m b i n a t i o n of 2, 1 
•<— This demonstrates an area of no change 
and is assigned class 0 
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IV M U L T I - C R I T E R I A M O D E L / S U I T A B I L I T Y A N A L Y S I S 
The M u l t i - c r i t e r i a over ly is the mos t p o p u l a r spa t i a l ana lys i s 
in S P A N S . It is u sed w h e n a p r o b a b i l i t y or s u i t a b i l i t y map is 
d e s i r e d . 
M a p l aye r s r e p r e s e n t i n g the f a c t o r s n e e d e d to d e t e r m i n e wha t 
m a k e s a m o s t l ike ly or su i t ab l e l oca t i on a re q u a l i t a t i v e l y w e i g h t e d 
and s c o r e d . S P A N S uses t h e s e w e i g h t s and s c o r e s to c a l c u l a t e an 
i n d e x v a l u e tha t i n d i c a t e s t h e su i t ab i l i t y of l o c a t i o n s in t h e s tudy 
a r ea . P e r f o r m i n g a M u l t i - c r i t e r i a ove r l ay r e q u i r e s t h a t each of the 
inpu t m a p s be t r a n s f o r m e d in to the q u a d t r e e da ta s t r u c t u r e . 
L e g e n d s tha t i n c l u d e shor t t i t l e s w e r e e s t a b l i s h e d f o r each q u a d t r e e 
b e f o r e c r e a t i n g the m o d e l . A m a x i m u m of 19 m a p s can be s e l ec t ed 
fo r i n p u t in to a M u l t i - C r i t e r i a M o d e l in S P A N S . 
T h e r e w e r e 4 s teps in th is e x e r c i s e v iz . 
1) S e l e c t I npu t M a p s . 
2) E d i t t he T e m p l a t e . 
3) E x e c u t e the M o d e l . 
4) A n a l y s e the R e s u l t s . 
1 S e l e c t I n p u t M a p s : Al l t he f o u r m a p s so i l , l and use , road 
a c c e s s i b i l i t y and h y d r o g e m o r p h o l o g y w e r e f i r s t t r a n s f o r m e d 
in to the q u a d t r e e da ta s t r u c t u r e . T h e n e a c h q u a d t r e e f r o m the 
l is t b o x had been s e l e c t e d tha t is to be u s e d as a c r i t e r i o n . 
2 E d i t the T e m p l a t e : It i n v o l v e d the f o l l o w i n g s t e p s -
a. W e i g h t the m a p s : A w e i g h t is a v a l u e a s s i g n e d to each 
q u a d t r e e as an i n d i c a t i o n of the i n t e n d e d c o n t r i b u t i o n of tha t 
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q u a d t r e e to the f ina l o u t p u t . The h i g h e r t h e w e i g h t v a l u e s , 
the g r ea t e r the i n f l u e n c e e x e r t e d . I n i t i a l l y all m a p s w e r e 
w e i g h t e d equa l ly on a p e r c e n t a g e ba s i s . N o m a t t e r wha t sca le 
the user is u s ing , the h i g h e r n u m b e r s r e p r e s e n t h ighe r 
w e i g h t s . In mos t cases the c h o i c e of w e i g h t i n g v a l u e s is 
q u a l i t a t i v e . The f o l l o w i n g are the w e i g h t s f o r the input maps 
of our ana ly s i s : 
Map Weights 
1. Access ibi l i ty to (Major) Roads 40 
2. Ground Water Prospect Zones (Hydrogeomophology) 25 
3. Present landuse/ land cover 25 
4. Soils 10 
b. D e v i s e a S c o r i n g S y s t e m and S c o r e the C l a s s e s of Each 
M a p : The s c o r i n g sys t em c o n s i s t s of i n t e g e r s r a n g i n g f r o m 1 
to any n u m b e r user w i s h e s . A u s e f u l g u i d e to the m a x i m u m 
sco re is the m a x i m u m n u m b e r of c l a s s e s a m o n g the input 
m a p s . It is i m p o r t a n t tha t the s c o r i n g s y s t e m be a p p l i c a b l e to 
all m a p s in the ove r l ay . One c a n n o t u s e d i f f e r e n t s co r ing 
sys t em fo r i n d i v i d u a l m a p s in the t e m p l a t e . T h e r e su l t s will 
no t be c o m p a r a b l e if th i s is t he case . T h e f o l l o w i n g v a l u e s 
w e r e imp l i c i t l y pa r t of any s c o r i n g s y s t e m tha t had been 
d e v i s e d . 
• 0 i n d i c a t e s in d i f f e r e n c e t o w a r d s the p a r t i c u l a r c lass of that 
m a p . The e f f e c t is to i g n o r e tha t m a p and c o n s i d e r all o the r s in 
the o v e r l a y . 
• N e g a t i v e in t ege r v a l u e s wi l l e x c l u d e f r o m t h e i n d e x c a l c u l a t i o n 
a r ea s of the c lass to w h i c h they w e r e a s s i g n e d . The n e g a t i v e 
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v a l u e b e c o m e s the ou tpu t index v a l u e and had its ovv^ n c lass in 
the r e s u l t i n g l egend . Any n u m b e r of n e g a t i v e v a l u e s can be 
used . 
L i k e w e i g h t s , the c h o i c e and a p p l i c a t i o n of the s c o r i n g 
s y s t e m is q u a l i t a t i v e and d e p e n d on the u s e r ' s w i l l . T h e index 
v a l u e s t ha t r e su l t in the ou tpu t map mus t be w i t h i n t h e r a n g e of the 
s c o r i n g s y s t e m one se l ec t s . F o l l o w i n g is the s c o r i n g s y s t e m on a 
s c a l e of 1 to 5 in our ana lys i s . 
Score Interpretat ion 
5 Excel lent 
4 Very Good 
J Good 
2 Moderate 
1 Poor 
0 Very poor 
-1 Not Recommended 
A s c o r e is a s s i g n e d to each c lass in the q u a d t r e e to d e f i n e its 
s u i t a b i l i t y or l ack t h e r e o f . U s i n g the s c o r i n g s y s t e m d e v i s e d for 
the o v e r l a y w a s app l i ed to all the m a p s l i s t ed in the t e m p l a t e . 
3 E x e c u t e the M o d e l : H e r e u s ing the w e i g h t and s co re s of the 
m u l t i - c r i t e r i a t e m p l a t e the m u l t i - c r i t e r i a o v e r l a y f u n c t i o n had 
b e e n p e r f o r m e d . Th is f u n c t i o n c r e a t e d a n e w q u a d t r e e , ba sed 
u p o n the a s s e s s m e n t of the r e l a t i v e i m p o r t a n c e of each 
q u a d t r e e in the ana ly s i s . 
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4 A n a l y s e the Resu l t s : 
a. A m a p c o m p o s i t i o n was m a d e wi th the r e s u l t of the ove r l ay 
u s i n g a co lou r s c h e m e and a d e s c r i p t i v e l e g e n d to r e f l e c t the 
i n t e r p r e t a t i o n dev i sed a long w i th the s c o r i n g s y s t e m . 
b. T h e r e su l t s were m e a s u r e d u s ing t h e ' A r e a A n a l y s i s ' 
c o m m a n d by ' A r e a C a l c u l a t i o n ' and ' C r o s s - T a b u l a t i o n ' . 
c. At las t the resu l t was t r a n s f o r m e d to an a r ea l aye r" ' . 
3 . 5 . 4 A R C V I E W V E R S I O N 3.1 
A r c v i e w is a p o w e r f u l , easy to use too l that b r ings 
g e o g r a p h i c i n f o r m a t i o n to the d e s k t o p . It g i v e s the p o w e r to 
v i s u a l i s e , e x p l o r e , query and a n a l y z e da ta s p a t i a l l y . It is m a d e by 
E n v i r o n m e n t a l Sys tem R e s e a r c h I n s t i t u t e ( E S R I ) , t h e m a k e r s of 
A R C / I N F O . A key f e a t u r e of A r c V i e w is t ha t i ts easy to load 
t a b u l a r da t a , such as d B A S E f i l e s and da ta f r o m d a t a b a s e se rve r s , 
i n to A r c v i e w so tha t one can eas i ly d i s p l a y , q u e r y , s u m m a r i z e and 
o r g a n i s e t h i s da ta g e o g r a p h i c a l l y . It c o n s i s t s of f o l l o w i n g f o r m a t s : 
i V I E W S 
It w o r k e d w i th g e o g r a p h i c da ta in i n t e r a c t i v e m a p s ca l l ed 
v i e w s . E v e r y v i e w f e a t u r e d A r c V i e w ' s u n i q u e g e o g r a p h i c ' t a b l e of 
c o n t e n t ' , m a k i n g it easy to u n d e r s t a n d and c o n t r o l w h a t ' s 
d i s p l a y e d . 
S P A N S User ' s Mannual, TYDAC, Research Inc., Canada. 
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ii T A B L E 
Its ve ry easy to work wi th t abu l a r da ta in A r c View. A cl ick 
on the f e a t u r e in a v iew, h i g h l i g h t e d its r e c o r d s in the t ab le 
s h o w i n g all its a t t r i bu te s . Arc v i ew t ab le a l so had a fu l l r ange of 
f e a t u r e s fo r o b t a i n i n g s u m m a r y s t a t i s t i c s , so r t i ng and q u e r y i n g 
iii C H A R T S 
C h a r t s o f f e r e d a p o w e r f u l b u s i n e s s g r a p h i c s and data 
v i s u a l i z a t i o n capab i l i t y tha t is f u l l y i n t e g r a t e d in to Arc V i e w ' s 
g e o g r a p h i c e n v i r o n m e n t . A c l ick on the f e a t u r e s on a v i ew, add 
t h e m to the char t . The s o f t w a r e w o r k e d s i m u l t a n e o u s l y wi th 
g e o g r a p h i c , t abu l a r and char t s r e p r e s e n t a t i o n of t he da ta . 
iv L A Y O U T S 
A r c V i e w ' s layouts c r ea t ed h igh qua l i t y , f u l l c o l o u r maps by 
f i r s t a r r a n g i n g the va r i ous g r a p h i c e l e m e n t s o n - s c r e e n , the way we 
w a n t . T h e y had grea t l o o k i n g r e su l t s on a w i d e r a n g e of p r i n t e r s 
and p l o t t e r s . L a y o u t s have a l ive l ink to the da t a they r e p r e s e n t , 
any c h a n g e s to the da ta are a u t o m a t i c a l l y i n c l u d e d , so e v e r y t h i n g 
on the m a p w o u l d be u p - t o - d a t e . M o s t of t he m a p s of the thes i s 
w o r k had been p r in t ed in l ayout f o r m a t . 
V S C R I P T S 
T h e sc r ip t s are m a c r o s wr i t t en in Avenue—which is Arc 
V i e w ' s p r o g r a m m i n g l a n g u a g e and d e v e l o p m e n t e n v i r o n m e n t . Wi th 
A v e n u e use r can c u s t o m i z e a lmos t every a s p e c t of the s o f t w a r e , 
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f r o m a d d i n g a new bu t ton to run a s c r i p t use r w r i t e s , and can 
c r e a t e an en t i r e c u s t o m a p p l i c a t i o n 
vi P R O J E C T S 
Al l the c o m p o n e n t s of the a n a l y s i s s e s s i o n : v i e w s t ab les , 
c h a r t s , l ayou t s and sc r ip t s are c o n v e n i e n t l y s t o r e d in one f i l e 
c a l l e d a p r o j e c t . The p r o j e c t w i n d o w s h o w e d the c o n t e n t s of the 
p r o j e c t and m a k e s it easy to m a n g e all t he a n a l y s i s w o r k . 
T h i s s o f t w a r e had been used for o n - s c r e e n d i g i t a l i z a t i o n of 
d i g i t a l m e r g e d image of I R S - IC ( P A N ) and I R S - ID ( L I S S - I I I ) 
g e o - c o d e d i m a g e to p r e p a r e l a n d u s e / l and c o v e r m a p of A l i g a r h 
c i ty of the year 2000 . As the d ig i t a l i m a g e c a n n o t be d ig i t i z ed on a 
t a b l e t . T h e m e r g e d d ig i t a l i m a g e w a s e x p o r t e d in s h a p e f i l e f o r m a t 
f r o m E R D A S I M A G I N E and i m p o r t e d on the s a m e f o r m a t to A r c 
V i e w f o r o n - s c r e e n d i g i t i z a t i o n . The da t a w a s a l so i m p o r t e d f r o m 
A R C / I N F O e n v i r o n m e n t in the s h a p e f i l e f o r m a t to p r e p a r e layout 
f o r t a k i n g p r i n t s of the m a p s " . 
3 . 5 . 5 E R D A S I M A G I N E ( v e r s i o n 8 . 3 . 1 . ) 
E R D A S I M A G I N E is the w o r l d s l e a d i n g m u l t i - p u r p o s e 
g e o g r a p h i c i m a g i n g s o l u t i o n fo r the GIS i n d u s t r y , w i th cost 
e f f e c t i v e , s c a l a b l e p r o d u c t s fo r c o m b i n i n g s a t e l l i t e i m a g e r y , aer ia l 
p h o t o g r a p h y , s c a n n e d m a p s and o the r r a s t e r d a t a w i t h the GIS . 
T h e sys t em can be on W I N D O W S as w e l l as on U N I X 
o p e r a t i n g s y s t e m . The ma in c h a r a c t e r i s t i c f e a t u r e s of the s o f t w a r e s 
" ESRl , "Familiarisation vvitli Arc View," Arc View 3.1 User ' s Manual . 
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w h i c h m a k e s it d i s t i nc t for the o the r i m a g e p r o c e s s i n g s o f t w a r e 
a re : 
• It u se s e x i s t i n g image ry in its na t i ve f o r m a t . 
• O r t h o r e c t i f y and r e p r o j e c t i m a g e r y . 
• C l a s s i f y / c a t e g o r i z e i m a g e s . 
• A u t o m a t i c a l l y m o s a i c and c o l o u r b a l a n c e m u l t i p l e i m a g e s . 
• A n a l y s e and ex t r ac t i n f o r m a t i o n f r o m i m a g e r y . 
• Ed i t and c rea t e E S R I A r c / I n f o c o v e r a g e and S h a p e f i l e s w i t h o u t 
c o n v e r s i o n . 
• Fu l l y i n t e g r a t e E S R I SDE da ta , and 
• E x t r a c t a u t o m a t i c a l l y v e c t o r f ea tu re s ' ^ . 
E R D A S I M A G I N E " IMAGINE Vista Tour Guiders", Erdas Inc., USA. 
Chapter - IV 
NATURE OF THE STUDY AREA AND URBAN 
P O T E N T I A L S 
A l i g a r h d i s t r i c t is s i tua ted in w e s t e r n U t t a r P r a d e s h . By 1991 
c e n s u s it o c c u p i e d an a rea of 5 , 0 1 9 - s q . km. and a p o p u l a t i o n of 
3 ,21 1 ,829 p e r s o n s ( F i g u r e 4 .1 ) . In the yea r 1998, the d i s t r i c t was 
a d m i n i s t r a t i v e l y b i f u r c a t e d and c o m p r i s e d an a rea of 3 6 9 1 . 5 sq. 
k m . , w i th a p o p u l a t i o n of 2 , 4 4 9 , 5 9 7 p e r s o n s ( F i g u r e 4 .2 ) N o w the 
d i s t r i c t c o n s i s t s of 12 b l o c k s , 5 b l o c k s h a v e g o n e to the new 
d i s t r i c t of H a t h r a s . 
L i n g u i s t i c a l l y , the d i s t r i c t b e l o n g s to the BriJ r eg ion and the 
m a j o r p o r t i o n has on its b o r d e r l a n d . T h e i n f l u e n c e of the Br i j 
d i a l e c t can be t r a c e d in its v i l l a g e n a m e s . The p r i n c i p a l t o w n in the 
d i s t r i c t , fo r many c e n t u r i e s , has b e e n A l i g a r h , w h i c h w a s k n o w n by 
t h e n a m e of " K o l " or " K o i l " t i l l t he 18"' c e n t u r y . ' 
The s e t t l e m e n t of the Koi l is u n d o u b t e d l y ve ry o ld . H o w e v e r , 
t he t o w n s h i p of Ko i l , is b e l i e v e d to h a v e c o m e in to e x i s t e n c e a f t e r 
1070 A . D . It is sa id , tha t the s ix th d e s c e n d e n t of V i k r a m a d i t y a , 
R a j a B u d h s e n of Ja la l i , la id the f o u n d a t i o n of K o i l t o w n s h i p d u r i n g 
h i s j o u r n e y f r o m Ja la l i to D e l h i . D u e to its f a v o r a b l e s i te , such as 
t h e shor t r ou t e and easy a c c e s s i b i l i t y to D e l h i , he m a d e it the 
c a p i t a l of h is s t a te . N o m e n t i o n of the K o i l h a s b e e n m a d e in the 
a c c o u n t s of M a h m o o d G h a z n i . T h e f o r t r e s s of K o i l w a s b r o u g h t 
u n d e r c o n t r o l by Q u t u b u d d i n A i a b a k , G e n e r a l of Su l t an 
' Nat ional Information Centre, Aligarh, Government of India, "Prof i le of the District", Unpublished 
report, p . l 
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Figure 4 . 1 
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S h a h a b u d d i n in 1193. H a s a n N i z a m i , the c e n t u r y w r i t e r , ca l l ed 
the f o r t r e s s of Koil as "one of the c e l e b r a t e d f o r t r e s s e s of Nor th 
I n d i a , " 1194.-
Koi l nex t a p p e a r s as a C e n t r e of W i n e b r e w i n g . T h e h i s t o r i a n 
B a r n i t e l l s us that the wines of Koi l and M e e r u t w e r e f r e e l y se rved 
in t h e c e l e b r a t e d d a n c i n g pa r t i e s of Su l t an M u i z u d d i n K a i q a b a d 
( 1 2 8 8 - 8 9 ) 
I b n - e - B a t t u t a , a d i s t i n g u i s h e d A r a b t r a v e l e r , w h o v i s i t ed 
Ko i l in 1342, f u r n i s h e d some i n t e r e s t i n g i n f o r m a t i o n . He o b s e r v e s , 
" i t is a h a n d s o m e city p o s s e s s i n g g a r d e n s . M o s t of the p l a n t a t i o n s 
a re m a n g o t rees . 
M o h a m m a d g a r h , S a b i t g a r h , R a m g a r h , and A l i g a r h have been 
the d i f f e r e n t n a m e s s u c c e s s i v e l y a s s i g n e d to K o i l at d i f f e r e n t 
t i m e s . T h e last th ree n a m e s w e r e a c t u a l l y g i v e n to the For t bu i l t 
a b o u t t h r e e mi l e s to the nor th of the c i ty . 
The n a m e ' A l i g a r h ' was c o n f e r r e d on it by N a j a f K h a n 
d u r i n g the las t qua r t e r of the IS" ' c e n t u r y . T h e E n g l i s h a f t e r the i r 
o c c u p a t i o n in 1 803 e x t e n d e d the n a m e of t h e F o r t to the ci ty 
i t se l f .^ 
T h e f u s i o n of h i s t o r i c a l and g e o g r a p h i c a l e l e m e n t s in A l i g a r h 
D i s t r i c t l a rge ly w i th in an a rea of a b o u t f i v e t h o u s a n d squa re 
k i l o m e t e r has g iven it a d i s t i n c t p e r s o n a l i t y . T h e l and of the 
d i s t r i c t , u n d e r a g r i c u l t u r a l o c c u p a t i o n f o r c e n t u r i e s has w i t n e s s e d 
^ Saxena, Sudha (1970) " Trends of Land Utilization in Uttar Pradesh," Satish Boole Enterprises, Agra. 
^ Aziz, A. (1983) " Aligarii- A Panaroma of History and Geography" Souvenier- Volume, Department 
of Geography, A.M.U., p. 13-14. 
" N I C , o p . c i t . , p . l . 
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the e m e r g e n c e of over 1,756 h u m a n s e t t l e m e n t s of wh ich s ix , 
w i n d i n g the i r way t h r o u g h h i s t o r y , h a v e a t t a i n e d the s t a tus of 
t o w n s , and one name ly A l i g a r h the s t a t u s of a c i ty wi th near ly 7 
lakh p o p u l a t i o n , and f i f t e e n of the s t a t u s of l a rge v i l l a g e s 
e x c e e d i n g a p o p u l a t i o n of f i v e t h o u s a n d s . O v e r t w o m i l l i o n p e o p l e 
l ive in t he se s e t t l e m e n t s g i v i n g the d i s t r i c t a d e n s i t y of 421 
p e r s o n s per squa re k i l o m e t e r \ 
4.1 . G E O G R A P H I C A L P E R S O N A L I T Y 
A l i g a r h d i s t r i c t l ies in a leve l h o m o g e n o u s a l l uv i a l p la in , 
f l o w e v e r , t he re are sub t l e m o r p h o l o g i c a l v a r i a t i o n s . It is a par t of 
the I n d o - G a n g e t i c P l a i n s - the l a r g e s t a l l u v i a l p l a i n s in the w o r l d . 
T h e s e p l a i n s d e p o s i t e d by m a n y f o r m i d a b l e p e r e n n i a l r ive r s have a 
n u m b e r of d o a b s and e v e n m o r e n u m e r o u s p a l a e o c h a n n e l s . 
A l i g a r h is the s o u t h e r n m o s t d i s t r i c t of u p p e r G a n g a - Y a m u n a doab . 
4 .1 .1 . P H Y S I C A L S E T T I N G 
T o p o g r a p h i c a l l y , t he w h o l e d i s t r i c t r e p r e s e n t s a s h a l l o w 
t r o u g h . T h e r e are s e v e r a l s l i gh t d e p r e s s i o n s f o r m e d by the 
m e a n d e r i n g r ive r s and o the r d r a i n a g e l ines . T h e s e g r a d a t i o n s lend 
a va r i e ty to the l andscape .^ T h e v a s t f e r t i l e , a l l u v i a l p l a in gen t ly 
s l o p e s f r o m nor th to s o u t h e a s t . P o o r d r a i n a g e c o u p l e d w i th 
f o r m a t i o n of s h a l l o w l akes and m a n y p o n d s led to the sal t 
e n c r u s t a t i o n on the s u r f a c e in the f o r m of s a l i n e - a l k a l i n e p a t c h e s 
w i th p r e p o n d e r a n c e t o w a r d s t h e s o u t h - e a s t , t h r o u g h cap i l l a ry 
' Ibid, p.2. 
Qureshi, Salahuddin (1997) "Aligarh City: A Historical and Geographical Scenar io" Souvenir 
Volume, Department of Geography, A.M.U. , Aligarh, p.34. 
^ Ray, Chaudhari, S.P. (1963) "Soils of India," N e w Delhi. P.383, 
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a c t i o n . T h e r e are sandy e l e v a t i o n s a l o n g the c o u r s e s of G a n g a and 
Y a m u n a r i ve r s f o r m i n g the ea s t e rn and w e s t e r n bo rde r of the 
d i s t r i c t . T h e Y a m u n a R i v e r e r o d e s the c o a r s e s andy t rac t in to 
r a v i n e s a l o n g its c o u r s e . The mos t p r o m i n e n t s and r i d g e s are in the 
w e s t . T h e h i g h e s t g r o u n d e l e v a t i o n is 195 m a b o v e sea level in the 
n o r t h w e s t at C h a n d a u s and T a p p a l , 189.6 m at S o m n a in the so-
c a l l e d C e n t r a l d e p r e s s i o n to 173.8 m in the s o u t h - e a s t e r n par t of 
the d i s t r i c t . 
4 . 1 . 2 . D R A I N A G E A N D G R O U N D W A T E R 
A l i g a r h is a w e l l - w a t e r e d d i s t r i c t s e r v e d by n u m e r o u s r ive r s 
and d r a i n a g e l ines . Some of the m a j o r r i ve r s s u c h as G a n g a and 
Y a m u n a are snow fed p e r e n n i a l r i ve r s w h i l e o t h e r s are s e a s o n a l 
r i v e r s , w h i c h are r e d u c e d to i n s i g n i f i c a n t s t r e a m s of w a t e r in the 
ho t , dry s e a s o n . Ka l i N a d i is a n o n - H i m a l a y a n , ye t s u r p r i s i n g l y 
e n o u g h a p r e n n i a l s t r e a m , w h i c h r i s e s f r o m t h e d e p r e s s i o n in 
M u z a f f a r n a g e r . N i m and C h h o y a n a d i s are m e r e r i v u l e t s . R ind and 
S e n g a r a re the t r i b u t a r i e s of Y a m u n a , w h i c h in the cen t ra l 
d e p r e s s i o n K a r w a n and P a t w a l i a are r i v u l e t s of t h e r eg ion , j o i n 
Y a m u n a o u t s i d e the d i s t r i c t . Ka l i and I san n a d i s a re the l a rge r 
t r i b u t a r i e s of G a n g a . G a n d a n u l l a of A l i g a r h d r a i n f l o w s t h r o u g h 
t h e c e n t r a l p o r t i o n of the d i s t r i c t . T h e s e c o n d a r y s t r e a m s in the 
r e g i o n h a v e the i r s o u r c e s in the n e i g h b o r i n g d e p r e s s i o n s and the 
s h a l l o w l akes i n c r e a s e in n u m b e r and e x t e n d t o w a r d s the sou th . 
D u e to a d e n s e n e t w o r k of s t e a m s and s h a l l o w lakes the 
u n d e r g r o u n d w a t e r t ab l e is h i g h . T h e r e is easy a c c e s s i b i l i t y of 
g r o u n d w a t e r even to the m a r g i n a l f a r m e r s to f a c i l i t a t e i n t e n s i v e 
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a g r i c u l t u r a l land use.^ 
4 . 1 . 3 . S O I L C H A R A C T E R I S T I C S 
T h e soil of this r eg ion c o n s i s t s of t w o b r o a d types of a l luv ia l 
d e p o s i t s . The y o u n g e r a l l u v i u m is k h a d a r a l o n g t h e e r o s i o n a l banks 
of G a n g a and Y a m u n a r ivers in the i r f l o o d p l a i n s . The o lde r 
a l l u v i u m is k n o w n as B h a n g e r , w h i c h p r e d o m i n a t e s on the o lder , 
h i g h e r e l e v a t i o n a reas of the r ive r v a l l e y s , g e n e r a l l y a b o v e the 
f l o o d p l a i n s . The o lder a l l u v i u m are c o m p a r a t i v e l y be t t e r d r a ined 
so i l s , w h i c h are s ca rce ly sal t i n f e s t e d . T h e m a i n so i l s c o n s t i t u e n t s 
a re s a n d , s i l t , clay and k a n k a r n o d u l e s of C a l c i u m C a r b o r a t e in 
v a r y i n g p r o p o r t i o n in the d i f f e r e n t h o r i z o n s . T h e so i l in this r eg ion 
h a v e e n o r m o u s t h i c k n e s s and the b e d r o c k is n o t r e a c h e d even at 
2 0 0 m e t e r s of dep th . C a l c i u m c o n c e n t r a t i o n , w h i c h r ende r 
i m p e d i m e n t s in the soi l p e r m e a b i l i t y , a r e f o u n d in d i s i n t e g r a t e d 
n o d u l a r f o r m as wel l as in the f o r m of c o n t i n u o s h a r d p a n s . The 
s a n d y loam so i l s are a s s o c i a t e d wi th the u p l a n d w h i l e c layey soi ls 
o c c u r in the f l o o d p l a in s of Y a m u n a K h a d a r . T h e c a p i l l a r y ac t ion 
i n d u c e d by e x t e n s i v e e v a p o r a t i o n d u r i n g l o n g d ry s u m m e r m o n t h s 
in t h e s h a l l o w d e p r e s s i o n s p a r t i c u l a r l y in t h e s o u t h e a s t e r n pa r t s of 
m e d i u m to h igh pH va lue . H o w e v e r , t he e x t e n s i v e r e c l a m a t i o n 
p r o g r a m s have h e l p e d to r e s t o r e the f e r t i l i t y of t h e so i l . 
4 . 1 . 4 . C L I M A T I C C O N D I T I O N S 
T h e r e g i o n f a l l s in the semi a r id r e g i m e and e x p e r i e n c e s 
t r o p i c a l m o n s o o n c l i m a t e w i th d i s t i n c t s e a s o n a l r h y t h m s . 
•Qureshi , 1997, op.cit., p.35. 
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C o n t i n e n t a l l y i nduces s e a s o n a l e x t r e m e . T h e r e are long , hot 
dry s u m m e r f r o m Apr i l to J u n e w h e n a v e r a g e t e m p e r a t u r e r a n g e s 
f r o m 30° to 37°C, o c c a s i o n a l l y r i s i n g to 45° C in the f i r s t ha l f of 
J u n e . T h e s u m m e r season is a c c o m p a n i e d w i th m o n s o o n rain f r o m 
mid J u n e to S e p t e m b e r , r e s u l t a n t l y the t e m p e r a t u r e is m o d e r a t e . 
T h e r e l a t i v e h u m i d i t y r i ses and the su l t ry w e a t h e r m a k e s the 
s e n s i b l e hea t in July and A u g u s t even m o r e o p p r e s s i v e than in the 
ho t , dry , s c o r c h i n g w e a t h e r of May and J u n e . W i n t e r s a re shor t and 
m i l d , p a r t i c u l a r l y w h e n the w e a t h e r is ant i c y c l o n i c , t he days are 
p l e a s a n t and ca lm with b r i l l i a n t s u n s h i n e . H o w e v e r , w h e n the 
n o r t h e r n w i n d s b low, the days b e c o m e cold and the n igh t s get 
e x t r e m e l y ch i l ly , p a r t i c u l a r l y in J a n u a r y , w h i c h is the co lde s t 
m o n t h . H e a v y f o g d e s c e n d s in the m o r n i n g s and n i g h t s e x p e r i e n c e 
f r o s t . The m e a n a n n u a l r a i n f a l l is a r o u n d 600 m m . T h e c o - e f f i c i e n t 
of v a r i a t i o n of r a i n f a l l is l a rge and m i l d to m o d e r a t e d r o u g h t s are 
c o m m o n . A r o u n d 87 p e r c e n t of the r a i n f a l l is e x p e r i e n c e d in the 
s o u t h w e s t m o n s o o n m o n t h s . A v e r a g e n u m b e r of r a i n y days wi th 
2.5 mm and m o r e r a i n f a l l a re 34. H o w e v e r , t he n u m b e r of e f f e c t i v e 
r a iny days of 15mm or m o r e r a in f r o m the v i e w p o i n t of soi l 
m o i s t u r e a b s o r p t i o n are n e a r l y 11 days on ly . At t h e w i t h d r a w a l of 
m o n s o o n n o r m a l l y by the 3' ' ' w e e k of S e p t e m b e r , m o r n i n g s and 
e v e n i n g s b e g i n to show a n ip in the a i r . A n o t i c e a b l e d e c r e a s e in 
r e l a t i v e h u m i d i t y cou ld be a b e t t e r i n d i c a t o r of the w i t h d r a w l of 
m o n s o o n then the d e p l e t e d n a t u r e of m o n s o o n s h o w e r s . ^ 
4 .1 .5 . F L O R A A N D F A U N A 
At the t u rn of the 19"^ c e n t u r y l a rge p a r t s of the d i s t r i c t w e r e 
9 Ib id ,p .36 . 
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c o v e r e d wi th heavy dhak f o r e s t . ( B u t e a m o n a s p e r u m ) , wh ich w e r e 
g r a d u a l l y c l ea red for c u l t i v a t i o n at the a d v e n t of cana l i r r i ga t ion . 
S u b s e q u e n t l y , in 1940 the f o r e s t d e p a r t m e n t took over the 
m a n a g e m e n t of p l a n t a t i o n a l o n g the c a n a l s . T h e f l o o d p la ins of 
G a n g a and Y a m u n a con ta in tamarisk f o r e s t s . T h e s e are dry 
d e c i d u o u s s p e c i e s g rown a l o n g the G a n g a c a n a l . R e m a i n i n g a reas 
c o n t a i n , s c a t t e r e d , s can ty , s t u n t e d v e g e t a t i o n . The Green 
R e v o l u t i o n and H igh Y i e l d i n g V a r i e t i e s P r o g r a m m e has done away 
w i th mos t of the na tu ra l v e g e t a t i o n . 
T h e dep l e t ed na tu ra l v e g e t a t i o n and the s h r i n k a g e to the 
h a b i t a t h a v e c o n s i d e r a b l y d i s s i p a t e d the w i l d l i f e of the r eg ion . 
I n t e n s i v e a g r i c u l t u r e and the d e s t r u c t i o n of the w o o d s , t h i cke t s and 
s c r u b l ands have en t i r e ly r e m o v e d the h e r b i v o r o u s as wel l as 
N i l g a i or b l u e bul l ( B a s e l o p h u s t r a g e c a n e l u s ) a re once aga in 
f l o u r i s h i n g in the p o t a t o , w h e a t and s u g a r c a n e f i e l d s . 
4 .1 .6 . L A N D U S E P A T T E R N 
A b o l i t i o n of Z a m i n d a r i , L a n d R e f o r m M o v e m e n t , H igh 
Y i e l d i n g V a r i e t i e s P r o g r a m m e , C o m m u n i t y D e v e l o p m e n t 
P r o g r a m m e , I n t e n s i v e I r r i g a t i o n and d e v e l o p m e n t of i n f r a s t r u c t u r e 
f a c i l i t i e s b r o u g h t a sea c h a n g e in t h e l and u s e s c e n a r i o of the 
r e g i o n . Th i s had a p r o f o u n d i n f l u e n c e on the r u r a l - u r b a n f o r w a r d 
and b a c k w a r d l i n k a g e s of A l i g a r h . A s c i ty is an apex of the 
r e g i o n a l p e r s o n a l i t y , A l i g a r h C i ty h a s w i t n e s s e d a c o r r e s p o n d i n g 
g r o w t h and p r o s p e r i t y in the i n d u s t r y , c o m m e r c e and t r ade . The 
d i s t r i c t is one of the d e v e l o p e d a d m i n i s t r a t i v e u n i t s of the u p p e r 
G a n g a Y a m u n a doab . The i n d i c e s of h e c t a r a g e g r o w t h , 
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p r o d u c t i v i t y , e n e r g y e f f i c i e n c y and c o m m e r c i a l a g r i c u l t u r e are 
h igh in the d i s t r i c t . Over 90 per cen t of the to ta l g e o g r a p h i c a l a rea 
of 5 , 0 1 , 9 0 0 h e c t a r e s is c u l t i v a b l e and 92 per cen t of the c u l t i v a t e d 
land is i r r i g a t e d . As the e x t e n s i v e a reas a re b r o u g h t unde r 
c u l t i v a t i o n d u r i n g the Rab i , K h a r i f and Za id s e a s o n the c r o p p i n g 
i n t e n s i t y is nea r ly 200 per cen t in the d i s t r i c t . A g r i c u l t u r a l p r o d u c e 
has i n c r e a s e d m o r e than 3 fo ld s ince the o n s e t of Green 
R e v o l u t i o n . A l i t t le over 70 per cen t of the p o p u l a t i o n is e n g a g e d 
in a g r i c u l t u r a l p r a c t i c e s w i th nea r ly 0.4 m i l l i o n h e c t a r e s of 
a g r i c u l t u r a l l and in A l i g a r h . C e r e a l c rops d o m i n a t e the land use 
p a t t e r n s . The p r i n c i p l e c r o p s are w h e a t , b a r e l y , m a i z e , r i ce and 
c o a r s e g r a in s , oil s eeds and p u l s e s . P o t a t o , s u g a r c a n e and co t ton 
a re the i m p o r t a n t cash c rops w i th co t ton l o o s i n g i ts h e c t a r e a g e to 
o t h e r c r o p s . T h e s e a g r i c u l t u r a l p r o d u c t s h a v e b o o s t e d the g r o w t h 
of a g r o - b a s e d i n d u s t r i e s in A l i g a r h distr ict . '® 
4 .2 . T H E E V O L U T I O N O F T H E C I T Y 
A l i g a r h Ci ty has e v o l v e d and d e v e l o p e d t h r o u g h a long 
h i s t o r i c a l p a s t . The g r o w t h p a t t e r n of the c i ty is r a t h e r d i s t i nc t and 
is w o v e n a r o u n d the U p p e r Kot ( B a l a i Q i l a ) a r ea , w h i c h 
h i s t o r i c a l l y r e p r e s e n t s the h e a r t of the c i ty . F o r m o s t of its 
m e d i e v a l h i s t o r y it w a s a w a l l e d ci ty wi th g a t e s o p e n i n g t o w a r d s 
D e l h i , A g r a , B a d a u n e tc . T h e a n t i q u i t y of s e q u e n t i a l o c c u p a t i o n , 
c o n t a i n e d w i t h i n the w a l l e d a rea has p r o d u c e d a h i g h leve l of 
c o n g e s t i o n and a ve ry h igh p o p u l a t i o n d e n s i t y . M o s t of the 
b u i l d i n g s are two s tory h o u s e s . L a r g e h a v a l i s ( m a r s c o u s ) w e r e 
c o m p a r t m e n t a l i z e d by s u c c e e d i n g g e n e r a t i o n s a d d i n g to r e s i d e n t i a l 
Ibid., p.36. 
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c o n g e s t i o n . The conges ted and over c r o w d e d h o u s e s and areas , 
w i t h i n the f r a m e w o r k of na r row c i r c u i t o u s l anes , by lanes , and 
b l ind a l l eys , speak of age and t e r r i to r i a l c o n s t r a i n t s . 
A i i g a r h City s tar ted acqu i r i ng its bas i c f o r m and s t ruc tu re in 
the m e d i e v a l t imes . Genera l ly c o n c e n t r i c but o c c a s i o n a l l y sec tora l 
g r o w t h has taken p lace in the ci ty. A n o t e w o r t h y fac t is that 
n u m e r o u s Sarai ( inns) , which were ly ing o u t s i d e the w a l l e d l imit 
of the c i ty , a long the roads have b e c o m e f u l l - f l e d g e mohallas and 
h a v e been d rawn into the city ma t r ix . M o h a l l a s w i th a p r e f i x 
' S a r a i ' l ike Sarai Rehman , Sarai H a k i m , Sarai Q a z i , Sara i Kaba , 
Sara i Q u t u b , Sarai M a n s i n g h , Sarai V i r i n d a b a n , Sa ra i N a r t t o m and 
Sara i Mian . 
U p p e r Kot area is la rge ly inhab i t ed by M u s l i m w o r k i n g c lass 
and m i d d l e c lass peop le . Some of the f a m i l i e s t r a c e the i r h i s to ry to 
m e d i e v a l pe r iod and rep resen t the soc ia l e l i te of t he a rea . Indus t ry 
and t r ade has improved the wel l be ing of a sma l l s ec t i on of the 
p e o p l e . 
T h e s econd zone has spread to the eas t of the p r e - C h r i s t i a n 
and M e d i e v a l zone . It is the anc ien t a rea d a t i n g b a c k to the 
c e n t u r y . T h e r e are f ew r ema ins here of tha t p e r i o d e x c e p t Acha l 
Tal ( T a n k ) and the t emple of A n c h a l e s h w a r w a s on t he edge of the 
A c h a l T a l / t a n k , a r e se rvo i r f i l l ed wi th w a t e r f r o m the canal . 
A l t h o u g h the re is no ev idence of f u l l - f l e d g e s e t t l e m e n t s in this 
a rea yet the p r e s e n c e of a la rge tank canno t be c o n c e i v e d in the 
a b s e n c e of r e s iden t i a l a rea . Th i s is a s i t e - i n h a b i t e d p r e d o m i n a t e l y 
by H i n d u s . In the later pe r iods d e v e l o p m e n t of t h e a rea took p lace 
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b e t w e e n the Man ik Chowk and the M a d a r Ga te . 
The thi rd zone of the Br i t i sh pe r iod is c h a r a c t e r i s e d by 
a l m o s t c o m p l e t e s eg rega t i on f r o m the f i r s t two zones . The 
d e v e l o p m e n t of the r a i lway l ine in the la ter h a l f o f the 19"' cen tu ry 
d i v i d e d the city into a w e s t e r n and ea s t e rn h a l f , w h i c h made the 
s e g r e g a t i o n of this area more p r o n o u n c e d . T h i s z o n e r ep re sen t s 
ba s i c layout of Br i t i sh pe r iod . The p r i n c i p l e l ines of d e v e l o p m e n t 
w e r e the M a r r i s Road , U n i v e r s i t y R o a d , A n u p s h a h e r Road and the 
R u s s e l l g a n j (now Rasa l g a n j ) . Th i s a rea is s p a r s e l y bui l t . La rge 
s p a c i o u s h o u s e s with lawns in f ron t and k i t c h e n g a r d e n s in the 
b a c k y a r d p r e s e n t a r e f r e s h i n g con t r a s t to the conges t ed and 
d i l a p i d a t e d a rea of the c i ty . 
Las t ly , are the mos t r ecen t ly d e v e l o p e d a r ea s of the city 
l y ing on its c i r c u m f e r e n c e . They came in to e x i s t e n c e in the pos t -
i n d e p e n d e n c e p e r i o d . They do not m a k e a w e l l - d e m a r c a t e d zone 
but a p p e a r in the f o r m of smal l c l u s t e r s . M o s t of them are 
r e s i d e n t i a l but some are i ndus t r i a l . T h e s e a r e a s w e r e till r ecen t 
pas t v i l l a g e s , we l l ou t s ide the c i ty l imi ts and its i n f r a s t r u c t u r e but 
t h e n the s p r a w l i n g ci ty s w a p p e d the i r l ands and o c c u p a t i o n s . 
V i l l a g e s l ike K i s h a n p u r , D o d h p u r , B e g p u r , J a m a l p u r , 
B h a m o l a and N a g l a B a r a u l a w i t n e s s e d th i s t r a n s f o r m a t i o n into the 
c i ty f o l d . 
N e w i n d u s t r i e s and r e s i d e n t i a l c o l o n i e s h a v e d e v e l o p e d in 
m a n y of t h e m in pos t i n d e p e n d e n c e p e r i o d l ike the I n d u s t r i a l 
c o l o n y , T u b e - w e l l co lony , L o c o co lony , M e d i c a l Co lony , K e l a 
n a g a r , D o d h p u r , J a n a k p u r i , M a n s a r o w a r , G y a n S a r a v o r and V i k r a m 
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C o l o n i e s . They have d e v e l o p e d on the n o r t h e r n c i r c u m f e r e n c e of 
t h e c i ty . On the sou the rn pa r t J a w a l a p u r i , M a h i n d r a N a g a r , Saheb 
S i n g h N a g a r , H a r i N a g a r , N a g l a M a s a n i c o l o n i e s h a v e d e v e l o p e d . " 
A l i g a r h D e v e l o p m e n t A u t h o r i t y has d e v e l o p e d a f e w a reas and sti l l 
m a n y c o l o n i e s are d e v e l o p i n g a r o u n d c i ty . At p r e s e n t the area of 
A l i g a r h M u n i c i p a l i t y i n c l u d e s v i l l a g e s l ike , D a u l a t a b a d , 
M u l l a p u r a , B h u j p u r a , R o r a w a r , B h a m o l a C h h a w n i , B h a m o l a 
M u a f f i , K u k r i K h e r a , G h a m b h i r p u r a , P a l a S a h i b a b a d , A l a m p u r , 
A l a p u r ga r i a , A s h a r a f p u r , R a s u l p u r , S a w a d and K o l . ' ^ W i t n e s s e d in 
m u t e s i l ence the i r t r a n s f o r m a t i o n , m a n y i n d u s t r i a l and r e s i d e n t i a l 
c o l o n i e s w i t h i n the c i ty h a v e a l so c o m e up l ike , F i r d u s N a g a r , 
H a m d a r d N a g a r , S h a t a b d i N a g a r , R a m b a g h C o l o n y , A D A co lony , 
K u n d a n N a g a r , W o r l d B a n k C o l o n y and S u r a k s h a V iha r in the 
n o r t h e r n par t of the c i ty . And M a h f o o z N a g a r , L o d h i p u r a m , 
M u m p e r N a g a r , I nd i r a N a g a r , P r e m N a g a r , P r a b h a t C o l o n y on the 
s o u t h e r n f r i n g e are the newly bu i l t colonies^ ' ' . 
S imi l a r ly , l a rge n u m b e r of v i l l a g e s a l o n g t h e D e l h i - K h u r j a 
R o a d l ike K a i l a s h p u r K a N a g l a , N a g l a K a l a r , E l a m p u r , Sa r su l , 
B a r a u l a J a f r a b a d , B r a h m a n Ka N a g l a , B h i k a m p u r , S i k a n d e r p u r , 
B h i k a r a w a l i , a long K a n p u r R o a d l ike N a g l a S h y a m b h i a r i , 
D h a n i p u r , S idhau l i , J a w a l a g a r h , A l i n a g a r , K i s h a n g a r h i , K h a n g a r h i , 
P a n a i l l i s and N a g l a Pa t e l a l o n g A g r a R o a d l ike B i r j u Ki Sara i , 
P a r a h w a t i , M a n d i r w a l a N a g l a , H a j i p u r C h o h a t e s ; and a long 
M a t h u r a R o a d the v i l l a g e s l ike N a g l a A s k a l i , B h o j p u r , H a r n r a y a n 
" Aziz (1983), op .c i t ,p . l3 -14 . 
Kumar Rajeev (1991) " Aligarh- A study in Urban land use and Morphology" , unpublished Ph.D. 
thesis, Department of Geography, D.S. College, Agra University, Aligarh, p. 25. 
Siddiqui, Mansoor Alam (1994), " Impact of Development on the Environment of the Fringe Areas of 
Aligarh City", Unpblished M.Phil Dissertation, Department of Georaphy, A M U , Aligarh, p.67. 
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ki Sa ra i , K h e r i y a . Dau l a r a N i rpa l and A j i t p u r e tc . have been wa l l ed 
by the c i ty g r o w t h . 
4.3 . F U N C T I O N A L C L A S S I F I C A T I O N O F T H E C I T Y 
T h e i n t e r a c t i o n b e t w e e n v a r i o u s soc ia l and e c o n o m i c f a c t o r s , 
p r e c i p i t a t i n g t h r o u g h h i s to ry , has c r e a t e d the p r e s e n t f u n c t i o n a l 
p a t t e r n of the c i ty . The w e i g h t of h i s to ry has k e p t the city at a 
l o w e r l eve l of f u n c t i o n a l s p e c i a l i z a t i o n and a c c o u n t s for mixed 
l and uses . On the o ther hand , the t h r u s t of s o c i a l and e c o n o m i c 
f o r c e s h a v e p u s h e d the p r o c e s s of f u n c t i o n a l s e g r e g a t i o n a s tep 
f u r t h e r . 
T h e r e are no c o m p a c t z o n e s , but a r ea s w i t h d o m i n a n c e of one 
or the o the r f u n c t i o n . A m o n g such d o m i n a n t a r ea s are the 
e d u c a t i o n a l , c o m m e r c i a l , i n d u s t r i a l , a d m i n i s t r a t i v e and r e s iden t i a l 
a r e a s . 
E d u c a t i o n a l ac t iv i ty of the t o w n , h o w e v e r , is be t t e r 
s e g r e g a t e d than o thers . T h e r e are t w o n e a t l y s e g r e g a t e d a reas 
u n d e r it, b e s i d e s wh ich t h e r e are a f e w c o m p a c t but smal l a reas 
u n d e r v a r i o u s i n s t i t u t i ons . The m a j o r e d u c a t i o n a l a r ea in A l i g a r h 
c i ty , o b v i o u s l y m a j o r in t e r m s of the t e r r i t o r y it o c c u p i e s and in 
t e r m s of i m p o r t a n c e , is the U n i v e r s i t y a r e a and its a l l ied 
i n s t i t u t i o n . The area lies in the n o r t h e r n par t of t h e c i ty , eas t of the 
r a i l w a y l ine and is f a i r ly p r e c i s e l y d e m a r c a t e d by A n u p s h a h a r 
R o a d , U n i v e r s i t y Road and the M e d i c a l C o l l e g e R o a d and by 
J a w a h a r Pa rk in its sou th . 
T h e o the r fa i r ly we l l s e g r e g a t e d e d u c a t i o n a l a rea is f o u n d in 
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a s e m i - c i r c u l a r f o r m in the south cen t ra l par t of the ci ty a l o n g the 
r a i l w a y l ine . H e r e two old and i m p o r t a n t p o s t - g r a d u a t e d e g r e e 
c o l l e g e s and two i n t e r m e d i a t e co l l eges are s i t u a t e d . T h e r e are a 
l a rge n u m b e r of o the r e d u c a t i o n a l i n s t i t u t i o n s a l so as they are 
s c a t t e r e d over the ci ty, do not m a k e a c l e a r - c u t a r e a of land use . 
H o w e v e r , t w o of t hem occupy c o n s i d e r a b l e a r ea and f o r m a smal l 
c a m p u s of t he i r own on the ea s t e rn s ide of t h e c i ty . T h e s e are the 
M u s l i m U n i v e r s i t y G i r l ' s C o l l e g e and the T i k a R a m G i r l ' s C o l l e g e , 
t he f o r m e r on the M a r r i s R o a d and the la ter on R a m g h a t Road. ' '^ 
R e s i d e n t i a l a reas of the city t h o u g h o c c u p y a l a rge r pa r t of 
the l and do not m a k e s e p a r a t e z o n e b e c a u s e n o w h e r e , e x c e p t in the 
s m a l l n e w c o l o n i e s they are h u n d r e d p e r c e n t r e s i d e n t i a l . They have 
b e e n p u l v e r i s e d a g rea t dea l by t r a d i n g and i n s t i t u t i o n a l a c t i v i t i e s . 
R e s i d e n t i a l a reas can be b road ly s e p a r a t e d in to t w o pa r t s the 
e a s t e r n and the w e s t e r n , w i th r a i lway l ine m a k i n g t h e d i v i d e . T h e 
w e s t e r n a rea c o n s i s t s of the old city w h e r e h o u s e s a re very o ld . 
E a s t of the r a i l w a y l ine the c iv i l l ines and c o n t i g u o u s a reas h a v e 
b e c o m e r e s i d e n t i a l a reas of the uppe r c l a s s and e l i t e . E l e g a n t 
c o m p a c t c o l o n i e s wi th h i g h e r qua l i ty s p e c i o u s h o u s e s h a v e c o m e 
up . M a r r i s R o a d f r o m nea r T i k a R a m M a n d i r u p t o K e l a N a g a r is 
t he e x a m p l e s of p a r - e x c e l l e n c e w h e r e s o m e of t h e b e s t h o u s e s h a v e 
b e e n bu i l t . 
T h e f i n a l p i c t u r e of the r e s i d e n t i a l a r ea s is m a d e c o m p l e t e by 
h u t m e n t s e t t l e m e n t . T h e s e s e t t l e m e n t of t h e s o c i a l l y and 
e c o n o m i c a l l y d o w n t r o d d e n p e o p l e are s i t u a t e d on the s o u t h e r n and 
" A z i z (1983), op.cit., p . l 5 . 
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s o u t h - w e s t e r n edge of the c i ty . 
C o m m e r c i a l ac t iv i ty in the ci ty is of a h igh order and the re 
are w h o l e s a l e marke t s , re ta i l and s p e c i a l i s e d marke t s . The 
w h o l e s a l e m a r k e t s are c l u s t e r e d a r o u n d B a r a h d w a r i (ci ty c lock 
t o w e r ) , in the n o r t h e r n par t of the old c i ty . T h e s e m a r k e t s g e n e r a t e 
h e a v y t r a f f i c in the c o n g e s t e d pa r t s of the c i ty and at the 
i n t e r s e c t i o n of busy t h o r o u g h f a r e s p o s e g r ea t h a z a r d s . 
R e t a i l t r ade does not o c c u p y c o m p a c t a r e a s , but l ike mos t 
I n d i a n c i t i e s it is in r i b b o n p a t t e r n s , c r a w l i n g a l o n g the t r a f f i c 
a r t e r i e s and l anes . A ce r t a in c o m m e r c i a l h i e r a r c h y w a s evo lved in 
the c i ty . S u b h a s h Road , M a h a v i r g a n j and R a s a l g a n j are on top of 
the h i e r a r c h i c a l sys tem. They h a v e qua l i t y m e r c h a n d i s e and 
r e g i s t e r a l a rge t r ade tu rn ove r . L o w e r d o w n in t h e h i e r a r c h y are 
the d i s t r i c t ( n e i g h b o r h o o d ) s h o p p i n g c e n t r e s c a t e r i n g to the local 
s h o p p i n g d e m a n d s . Some i m p o r t a n t ones a m o n g t h e m are the 
M a r r i s R o a d , N a u r a n g a b a d , V i s h n u p u r i , S h a m s h a d M a r k e t , 
D o d h p u r , A m i r N i s h a n and Na i B a s t i s h o p p i n g c e n t r e s . Sti l l lower 
on the sca l e are the s h o p p i n g e s t a b l i s h m e n t in l a n e s of r e s i d e n t i a l 
w a r d s look a f t e r the i m m e d i a t e n e e d s of the r e s i d e n t s ' ^ 
I N D U S T R I A L ac t iv i t y o c c u p i e s a h o u s e h o l d t r a d i t i o n in the 
o ld ci ty t h o u g h they are no t e x c l u s i v e l y i n d u s t r i a l . D i s t r i b u t i o n of 
i n d u s t r i a l e s t a b l i s h m e n t e x h i b i t , t w o t y p e s of l o c a t i o n p a t t e r n s . 
L o c a t i o n in the old ci ty is c h a r a c t e r i z e d by a d i s p e r s e d p a t t e r n s . 
A l m o s t t h r o u g h o u t the c i ty , in d i f f e r e n t M o h a l l a s , sma l l and not so 
l a rge e s t a b l i s h m e n t s are l o c a t e d . T h e y are c o m m o n l y loca ted in 
' M b i d , p. 16 
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r e s i d e n t i a l h o u s e s , in the ou te r r o o m s , o p e n i n g on l anes . The 
b u i l d i n g s in wh ich t he se h o u s e h o l d f a c t o r i e s are loca ted are 
f u n c t i o n a l l y m i s f i t for t hem and are da rk and d a m p . 
L o c k indus t ry is t r a d i t i o n a l l y the mos t i m p o r t a n t indus t ry of 
the c i ty . One of the l a rges t c o n c e n t r a t i o n s of th i s i n d u s t r y is in the 
U p p e r Kot a rea . B e s i d e s lock , a hos t of t h e m are w i d e l y sp read in 
the old c i ty . T h e r e are a l a rge n u m b e r of i ron f o u n d r i e s and meta l 
i n d u s t r i e s of i n s u l a t e d and n o n - f e r r o u s w i r e s e l e c t r i c a l g o o d s 
cu t t e r b u i l d i n g f i t t i n g s . C a r d o o r h a n d l e s , s tee l f u r n i t u r e , i ron s a f e , 
g e o m e t r i c a l i n s t r u m e n t s , k n i v e s , ha i r ch ip s , d e c o r a t i o n p i eces , 
d u r r e t s and ca rpe t s . A l a rge n u m b e r of agro i n d u s t r i e s are a l so 
f o u n d loca t ed in old c i ty n a m e l y mi l l s of f l o u r and pu l ses and a 
n u m b e r of da i ry b r e a d and b i s c u i t f a c t o r i e s . 
A D M I N I S T R A T I V E a rea does no t m a k e a c o m p a c t f u n c t i o n a l 
z o n e yet its b o u n d a r i e s are c l ea r cu t . It is s i t u a t e d in c iv i l l ines in 
t h e n o r t h e a s t e r n pa r t of the c i ty" ' b o u n d e d in the east by 
A n u p s h a h a r R o a d and in the w e s t r o u g h l y by the B a r e i l l y R a i l w a y 
l ine . It is he re that the J u d g e s C o u r t , C o l l e c t r a t e O f f i c e s , D i s t r i c t 
Ja i l , P o l i c e s L ines , C l u b , P u b l i c W o r k s D e p a r t m e n t ( P . W . D ) 
I n s p e c t i o n H o u s e s , D i s t r i c t E l e c t i o n s O f f i c e s ( J a w a h a r B h a w a n ) 
and e m p l o y m e n t e x c h a n g e o f f i c e s a re s i t u a t e d . O t h e r o f f i c e s are 
s c a t t e r e d w i d e l y and d e f y any l o c a t i o n a l p a t t e r n . T h e r e a s o n why 
a d m i n i s t r a t i v e o f f i c e s a re s i t u a t e d in c iv i l l i nes , a m o n g f r o m the 
old c i ty , is tha t the p r e s e n t l o c a t i o n is a c o n t r i b u t i o n of the Br i t i sh 
t r a d i t i o n , w h e n the B r i t i s h e r s w a n t e d to k e e p t h e i r a d m i n i s t r a t i v e 
o f f i c e s away f r o m the ' n a t i v e s ' and in the p r o x i m i t y of the 
' ' l b i d , p 17 
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c a n t o n m e n t and in open s p a c e s . All the a f o r e s a i d f u n c t i o n a l a reas 
pu t t o g e t h e r in the m o r p h o l o g i c a l f r a m e w o r k d e c k the A l i g a r h 
ci ty '^ . 
4,4 . C H A N G I N G L A N D U S E / L A N D T R A N S F O R M A T I O N 
O w i n g to rapid u r b a n i s a t i o n , m a n y v i l l a g e s a r o u n d the city of 
A l i g a r h have been a lmos t c o m p l e t e l y s w a l l o w e d by the city and 
t h e i r f o r m e r a g r i c u l t u r a l f i e l d s h a v e b e e n t u r n e d i n t o u r b a n s i tes 
and o the r non rura l uses . T h i s has b e e n t h e f a t e of v i l l a g e s of 
B e g p u r , J a m a l p u r , B h a m o l a , D o d h p u r , R a s u l p u r , A u r a n g a b a d and 
18 
K i s h a n p u r a r o u n d the A l i g a r h c i ty . S a m e is t h e ca se wi th the 
v i l l a g e s a long the De lh i K a n p u r R o a d , A r g a R o a d , M a t h u r a and 
A n u p s h a h a r R o a d , w h i c h r e p r e s e n t e d the r a p i d s p r a w l of the city 
d u r i n g the last d e c a d e . 
In s o m e cases near the c i ty , th i s e n c r o a c h m e n t has r e s u l t e d in 
c o m p l e t e t r a n s f o r m a t i o n of h u n d r e d s of h e c t a r e s of c u l t i v a b l e land . 
M a n y of the b u i l d i n g s and u r b a n i n s t a l l a t i o n s a re a p p e a r i n g in the 
c o u n t r y s i d e and mos t ly on c u l t i v a b l e l and . In t h i s c o n n e c t i o n 
b u i l d i n g s for o f f i c e s and a l l i ed u se s of ' c o m m u n i t y d e v e l o p m e n t 
b l o c k s ' are the mos t n o t a b l e p o s t - i n d e p e n d e n c e f e a t u r e . ' B l o c k ' 
b u i l d i n g c o m p l e x and v a r i o u s o the r b u i l d i n g s u n d e r the s c h e m e 
cons i s t of seed s to res , s c h o o l s , d i s p e n s a r i e s , v e t e r i n a r y h o s p i t a l s 
p l a y g r o u n d f e m a l e e d u c a t i o n c e n t r e , f a m i l y p l a n n i n g , ch i ld w e l f a r e 
and h e a l t h cen t r e s . T h o u g h the s i ze of the ' b l o c k ' v a r i e s but on an 
a v e r a g e ' b l o c k ' b u i l d i n g c o m p l e x o c c u p i e s b e t w e e n 6 - 8 hec ta res ' ^ . 
I b i d , p. 18 
Aziz, A (1968) "Impact of Urbanisation on Rural Land", The Geographer Vol. XV, p. 51-52. 
Khan, Mohd. Ishrat Saeed (1993) op.c i t ,p . l01. 
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Koi l Tehs i l c o n s i s t i n g of A l i g a r h ci ty h a s w i t n e s s e d g rea t e s t 
t r a n s f o r m a t i o n wiiere more and m o r e land is b e i n g put to non-
a g r i c u l t u r a l uses . Where the re w e r e f l o u r i s h i n g a g r i c u l t u r a l f i e ld s 
o n c e , a re n o w b u i l d i n g s of p o w e r h o u s e s , t w o l a r g e s ize ash and 
w a t e r r e s e r v o i r s c o v e r i n g an a rea of m o r e t h a n t w o squa re 
k i l o m e t e r s . A b o u t 60 h e c t a r e s of l and has b e e n a c q u i r e d and 
f e n c e d fo r a r ad io t r a n s m i s s i o n s t a t i o n . N e a r l y w h o l e of th i s land 
w a s fi t fo r c u l t i v a t i o n . The e s t a b l i s h m e n t of S a t h a S a g a r Mil l has 
r e s u l t e d an e n c r o a c h m e n t on 50 h e c t a r e s of c u l t i v a b l e l and and the 
d e v e l o p m e n t of G laxo L a b o r a t o r i e s (mi lk f a c t o r y ) has r e s u l t e d in 
a n o t h e r e n c r o a c h m e n t of abou t 40 h e c t a r e s of c u l t i v a b l e land . On 
e i t h e r s ide of Grand T r u n k R o a d (She r Shah Sur i R o a d ) , R a m g h a t 
R o a d and A n u p s h a h a r R o a d m a n y h e c t a r e s of f o r m e r l y good 
a g r i c u l t u r a l land has turned^*^ in to n o n - a g r i c u l t u r a l u se s and one 
can see a n u m b e r of f a c t o r i e s l i n ing a l o n g the r o a d s . 
T h e mos t n o t i c e a b l e i n f l u e n c e of u r b a n i s a t i o n is the 
e s t a b l i s h m e n t of b r i ck k l i n s . An a v e r a g e s ize k i ln c o v e r s m o r e than 
one h e c t a r e of land the l a rge r ones c o v e r as m u c h as 4 h e c t a r e s . As 
f a r as p o s s i b l e the k i ln is s i t u a t e d on u n - c u l t i v a b l e l and but the 
p i t s d u g fo r clay are a lways c u l t i v a b l e l and . 
O t h e r types of b u i l d i n g s and n o t e w o r t h y f e a t u r e s d e p i c t i n g 
t h e i n f l u e n c e of u r b a n s i a t i o n h a v e a l so a p p e a r e d in the 
c o u n t r y s i d e . In th is r e s p e c t F o o d C o r p o r a t i o n of I n d i a (FCI ) 
G o d o w n and P r o v i n c i a l A r m e d C o n s t a b l e r y ( P A C ) c o l o n y a long 
t h e R a m g h a t road , Q a s i m p u r c o l o n y a l o n g t h e G r a n d T r u n k R o a d 
1 bid, p. 102. 
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( G . T . R o a d ) and a r e s i d e n t i a l c o l o n y near A l i g a r h fo r t are c o v e r i n g 
a s i z e a b l e a rea of abou t 35 h e c t a r e s . T h e b u i l d i n g s of M a n d i 
S a m i t i (at D h a n i p u r ) and i n s t a l l a t i o n of the e l e c t r i c s u b - s t a t i o n (at 
J a l a l p u r ) a long G.T . R o a d have a l so a c q u i r e d a p p r o x i m a t e l y 14.17 
h e c t a r e s of land^' . The p r o v i s i o n of an a i r p o r t f o r loca l use a long 
G . T . road wi l l a l so o c c u p y c o n s i d e r a b l e a g r i c u l t u r a l l and . B e s i d e s , 
it is no t mere ly the e s t a b l i s h m e n t of r e s i d e n t i a l c o l o n i e s , f a c t o r i e s 
and i n d u s t r i a l h o u s i n g , w h i c h is t r a n s f o r m i n g ru ra l land, 
c o n s t r u c t i o n of road is a l so h a v i n g its i m p a c t . F o r t h e las t 25 yea r s 
t h e r e has been s u b s t a n t i a l i n c r e a s e in r o a d b u i l d i n g . The road 
l e n g t h ( m e t a l l e d on ly) is a b o u t 194 km. in t h e t e h s i l . I f the a v e r a g e 
w i d t h of the road is t aken as 4 .25 m e t e r s , t h a n the a r ea unde r roads 
c o m e to abou t 82 .42 h e c t a r e s . 
4.5 . E X T E N T OF U R B A N I S A T I O N IN A L I G A R H D I S T R I C T 
T h e ex ten t of u r b a n i s a t i o n of the d i s t r i c t can be g a u g e d by 
m a n y d e t e r m i n a n t s l ike i n c r e a s e in u r b a n p o p u l a t i o n and n u m b e r of 
t o w n s and i n c r e a s i n g i n t e r - c o n n e c t i v i t y of v i l l a g e s and t o w n s of 
t h e d i s t r i c t over the d e c a d e s . 
4 . 5 . 1 G R O W T H O F U R B A N P O P U L A T I O N 
T h e p r e s e n t d i s t r i b u t i o n of p o p u l a t i o n in A l i g a r h d i s t r i c t is 
t h e r e s u l t of many i n t e r r e l a t e d p h y s i c a l and c u l t u r a l f a c t o r s . T h e r e 
is a g e n e r a l a g r e e m e n t tha t p h y s i c a l c o n d i t i o n s u c h as t o p o g r a p h y , 
f e r t i l i t y of so i l , c l i m a t i c c o n d i t i o n s and w a t e r a v a i l a b i l i t y and 
c u l t u r a l f a c t o r s such as a g r i c u l t u r e , i r r i g a t i o n f a c i l i t i e s , i n d u s t r i e s , 
a c c e s s i b i l i t y and m e a n s of c o m m u n i c a t i o n a f f e c t t he n a t u r e and 
21 bid, p. 103. 
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p a t t e r n of h u m a n s e t t l e m e n t , w h i l e its d i s t r i b u t i o n s h o w s the 
n a t u r e of m a n ' s a d j u s t m e n t wi th p h y s i c a l r e s o u r c e s . By and large , 
in A l i g a r h d i s t r i c t the d i s t r i b u t i o n of p o p u l a t i o n is m o r e or less 
h o m o g e n o u s , as the s tudy a rea l ines in an a r ea w h i c h has hard ly 
any p h y s i c a l v a r i a t i o n s . H o w e v e r , at the m i c r o - l e v e l , v a r i a t i o n in 
t h e p o p u l a t i o n d i s t r i b u t i o n are c l ea r ly d i s c e r n a b l e . Fo r i n s t a n c e , in 
the l o w ly ing and u n p r o d u c t i v e t r ac t s of Y a m u n a - K h a d a r the 
p o p u l a t i o n is u n e v e n l y d i s t r i b u t e d , w h e r e a s in m i d d l e zone a 
n u m b e r of l a rge s ize a g g l o m e r a t i o n h a v e over 5 0 0 0 p e o p l e each.^^ 
T a b l e 4.1 
G R O W T H O F U R B A N P O P U L A T I O N IN A L I G A R H D I S T R I C T 
C e n s u s 
Y e a r 
T o t a l 
Pop . 
U r b a n 
Pop 
P e r c e n t a g e 
of U r b a n 
Pop . 
D e c a d a l 
v a r i a t i o n 
P e r c e n t 
d e c a d a l 
v a r i a t i o n 
G r o w t h 
ra t e 
pe r cen t 
pe r 
a n n u m 
1901 1,200,822 218,370 18.18 - - -
1911 1,165,680 189,755 16.27 -286,15 -15 .10 -1.51 
1921 1,061,745 181,962 17.14 -779,3 -4.1 1 -0.41 
1931 1,171,745 198,902 16,97 + 169,40 +9.30 +0.95 
1941 1,372,641 244,269 17.79 +453,67 +22.80 +2.28 
1951 1,543,506 289,518 1876 +452 ,49 + 18.50 + 1.85 
1961 1,765,275 286,698 16.24 -2820 -0 .97 -0.10 
1971 2 ,111,829 377,03 1 17.85 +903,33 +31.50 +3.15 
1981 2 ,574,925 592,144 23.00 +215 ,113 +57.05 + 5.71 
1991 3 ,295,982 828,259 25.20 +236,1 15 +39.87 +3.98 
2001* 2 ,990,388 - - - - -
S o u r c e : C a l c u l a t i o n s b a s e d on C e n s u s o f I n d i a ( 1 9 9 1 ) S e r i e s 2 2 , U t t a r P r a d e s h , 
p a r t X I I I - A , V i l l a g e & T o w n D i r e c t o r y , A l i g a r h D i s t r i c t , 1 9 0 1 - 9 1 . 
* C e n s u s o f I n d i a 2 0 0 1 , P r o v i s i o n a l P o p u l a t i o n T o t a l s o f U t t a r P r a d e s h 
In its over all u r b a n g r o w t h the d i s t r i c t h a s r e v e a l e d 
" Ahmad, Ateeque (1990) " Evolution of Rural Settlements and their spatial variations in Aligarh 
District ," Unpublished Ph.D. Thesis Department of Geography, A M U , Aligarh, p.96. 
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St r ik ing ly d y n a m i c t r ends , D u r i n g the las t n ine in te r censa l d e c a d e s 
( 1 9 0 1 - 1 1 to 1981-91) the u rban p o p u l a t i o n has i nc reased f rom 
2 , 1 8 , 0 0 0 in 1901 to 8 , 2 8 , 0 0 0 in 1991. But the b i f u r c a t i o n of the 
d i s t r i c t 1998 in to H a t h r a s d i s t r i c t has s l o w e d d o w n or r e su l t ed in a 
d e c r e a s e of to ta l p o p u l a t i o n , u r b a n p o p u l a t i o n as wel l as in the 
to ta l a rea of the d i s t r i c t . T h i s c h a n g i n g c h a r a c t e r of the u rban 
g r o w t h of p o p u l a t i o n of the d i s t r i c t has been s h o w n in T a b l e 4 .1 . 
T h e g r o w t h ra te in the d i s t r i c t f l u c t u a t e d b e t w e e n a m i n i m u m 
of - 0 . 4 1 p e r c e n t per a n n u m in 1911 -21 and a m a x i m u m of +5.71 
p e r c e n t in 1971-81 . D u r i n g the d e c a d e 1911-21 the g r o w t h ra te of 
u r b a n p o p u l a t i o n of the d i s t r i c t d e c l i n e d . Th i s was due to the 
f a c t o r , w h i c h caused a g e n e r a l d e c l i n e of p o p u l a t i o n over a l m o s t 
the w h o l e c o u n t r y , n a m e l y p l a g u e w a s c o n d i t i o n s wi th i n f l u e n z a 
e p i d e m i c , w h i c h o c c u r r e d w i th fu l l f o r c e in d e n s e u r b a n a reas and 
took a tol l of m o r e than a c r o r e p e o p l e . T h e g r o w t h of u rban 
p o p u l a t i o n b e t w e e n 1921 and 1931 w a s a l so s l o w e d d o w n due to 
c o n c e n t r a t i o n of u r b a n - b a s e d e c o n o m i c a c t i v i t i e s in a very f e w 
a r e a s of the c o u n t r y . 
T h e e f f e c t s of S e c o n d W o r l d W a r in f u r t h e r i n g the i ndus t r i a l 
and s e r v i c e sec to r kept up the leve l o f u r b a n i z a t i o n d u r i n g 1941-51 
at a m u c h h igh leve l ( + 1 8 . 5 p e r c e n t ) p e r a n n u m . T h e g r o w t h of 
u r b a n p o p u l a t i o n w a s a l r e a d y at w o r k d u r i n g the P r e - i n d e p e n d e n t 
I n d i a , a f t e r i n d e p e n d e n c e e f f o r t s on t h e pa r t of t h e g o v e r n m e n t to 
b r i n g abou t an ove ra l l e c o n o m i c d e v e l o p m e n t g a v e f u r t h e r i m p e t u s 
to it. The d e c l i n e in the g r o w t h ra t e ( - 0 . 1 0 p e r c e n t ) and v a r i a t i o n 
of p o p u l a t i o n ( - 0 . 9 7 p e r c e n t ) in 1 9 5 1 - 6 1 as a g a i n s t the p r e v i o u s 
d e c a d e w a s due to the a p p l i c a t i o n of a m o r e r i g o r o u s c r i t e r i a in the 
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1961 c e n s u s fo r d e s i g n a t i n g a s e t t l e m e n t as u r b a n . The t rend of 
u r b a n i s a t i o n d u r i n g 1961-71 in t e r m s of the p e r c e n t i n c r e a s e of the 
u r b a n p o p u l a t i o n ( + 3 1 . 5 1 p e r c e n t ) and the r a t e of u r b a n i z a t i o n can 
be r e g a r d e d as h igh . In the a b s o l u t e p o p u l a t i o n s i z e , t he re has been 
r a p i d i n c r e a s e in the u rban p o p u l a t i o n of the d i s t r i c t d u r i n g the 
1 9 6 1 - 7 1 d e c a d e and the ra te of g r o w t h of the u r b a n p o p u l a t i o n has 
b e e n of the h igh o rde r ( + 3 . 1 5 p e r c e n t ) . T h e u r b a n p o p u l a t i o n of the 
d i s t r i c t f u r t h e r rose to abou t 5 9 2 , 1 4 4 d u r i n g 1 9 7 1 - 8 1 . T h i s d e c a d e 
a t t a i n e d the g r o w t h ra te f i g u r e of + 5 . 7 1 p e r c e n t pe r annum.^^ This 
d i s t r i c t w i t n e s s e d an u rban p o p u l a t i o n f i g u r e of 8 2 8 , 2 5 9 d u r i n g 
1 9 8 1 - 9 1 . T h u s f r o m the p o i n t of v i ew of the u r b a n g r o w t h ra te 
( + 3 . 9 8 p e r c e n t in 1981-91 ) , u r b a n i s a t i o n has i n d e e d been rap id 
d u r i n g th is d e c a d e . As m e n t i o n e d e a r l i e r , the d i s t r i c t a t t a i ned 
h i g h e s t p e r c e n t d e c a d a l v a r i a t i o n ( 5 7 . 0 5 p e r c e n t ) in the u rban 
p o p u l a t i o n d u r i n g 1971-81 ; and it was 3 9 . 8 7 p e r c e n t d u r i n g 1981-
91. Th i s t r e m e n d o u s i n c r e a s e in u r b a n p o p u l a t i o n in the d i s t r i c t 
r e s u l t e d in h igh dens i ty . The p e r c e n t a g e of u r b a n p o p u l a t i o n to the 
to t a l p o p u l a t i o n r e c o r d e d in 1991 f i g u r e d to 2 5 . 2 0 p e r c e n t , w h i c h 
can be c o m p a r e d f a v o r a b l y wi th the n a t i o n a l p e r c e n t a g e of u rban 
p o p u l a t i o n f o r the c o r r e s p o n d i n g y e a r s . T h e s h a r p d e c r e a s e of 
u r b a n p o p u l a t i o n of the d i s t r i c t in 1999 is a t t r i b u t e d to the 
b i f u r c a t i o n of the d i s t r i c t and its i n f l u e n c e on t h e p o p u l a t i o n and 
e c o n o m y of the d i s t r i c t as w e l l as c i ty s e v e r a l p o i n t s can be 
e m e r g e d : 
1. In 1991, the d i s t r i c t ' s u r b a n p o p u l a t i o n w a s j u s t ove r 8 l akhs 
out of w h i c h A l i g a r h c i t y ' s p o p u l a t i o n w a s 4 .8 l akhs w h i c h 
"" Census of India, (1981) "Aligarh District Census Handbook, Part - B , p.vi-vii. 
Census of India (1991) " Provisional Population Totals, Series 1, Paper-2 of 1991, N e w Delhi , -p . l66. 
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w a s a round 60% of the to ta l u r b a n p o p u l a t i o n of the d i s t r i c t . 
2. N o w in 2000 a f t e r b i f u r c a t i o n of the d i s t r i c t we have to 
a sce r t a in as to wha t is the to ta l u r b a n p o p u l a t i o n of the 
r e m a i n i n g d i s t r i c t , and out of w h i c h to t a l u r b a n p o p u l a t i o n of 
the ci ty of A l iga rh is 7 lakh p e o p l e . 
3. It is l ikely that the u rban p o p u l a t i o n of A l i g a r h city in the 
yea r 2000 wou ld be a r o u n d 7 5 % or m o r e of the tota l u rban 
p o p u l a t i o n of the r e m a i n i n g d i s t r i c t . 
4. We have to a sce r t a in tha t if the b i f u r c a t i o n of the d i s t r i c t 
w o u l d he lp to con ta in the p o p u l a t i o n g r o w t h of the city 
( p a r t i c u l a r l y the i m m i g r a t i o n g r o w t h ) it s h o u l d be c o n s i d e r e d 
a p o s i t i v e or w i se s tep . 
5. H o w e v e r , if the b i f u r c a t i o n of A l i g a r h d i s t r i c t is l ike ly to 
s low d o w n the i n d u s t r i a l , c o m m e r c i a l and i n f r a s t r u c t u r e 
g r o w t h of A l i g a r h c i ty then it c o u l d be c o n s i d e r e d as s tep 
o t h e r w i s e . 
The ove ra l l p e r c e n t a g e d e c a d a l v a r i a t i o n h a s b e e n r e c o r d e d 
as 29 .95 in 1981 - 91 , w h i c h c a m e d o w n to 2 2 . 0 8 in 1991 -
2 0 0 1 . Bu t the dens i ty of p o p u l a t i o n of t h e d i s t r i c t is s h o w i n g 
and i n c r e a s i n g t end . In 1991 t h e o v e r a l l d e n s i t y of the 
d i s t r i c t was 654 p e r s o n s p e r sq. k m . as a g a i n s t th i s the year 
2 0 0 1 has r e c o r d e d an i n c r e a s e d d e n s i t y o f 798 p e r s o n s per 
sq . km. 
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4 . 5 . 2 . G R O W T H OF T O W N S IN T H E D I S T R I C T 
The n u m b e r of t owns in A l i g a r h d i s t r i c t has a l m o s t t r ip led 
f r o m s e v e n in 1901 to twen ty in 1981. T h e d e c l i n e in n u m b e r of 
t o w n s f r o m 18 in 1961 was due to the a p p l i c a t i o n of a m o r e 
p r e c i s e d d e f i n i t i o n of u rban s e t t l e m e n t in 1961 c e n s u s . This 
c h a n g e of d e f i n i t i o n of town h i g h l i g h t s its i m p a c t in the r e d u c t i o n 
in to t a l n u m b e r of t o w n s b e t w e e n 1951 and 1961. 
T a b l e . 4 .2 
G R O W T H OF T O W N S IN A L I G A R H D I S T R I C T - 1 9 0 1 - 1 9 9 1 
C e n s u s Year N u m b e r of T o w n s U r b a n P o p u l a t i o n 
1901 7 218,370 
1911 7 189,755 
1921 7 181,962 
1931 7 198,902 
1941 7 244,269 
1951 18 289,518 
1961 5 286,698 
1971 6 377,031 
1981 20 592,144 
1991 20 828,259 
S o u r c e s : C e n s u s o f I n d i a , S e r i e s 2 2 , U t t a r P r a d e s h , P a r t X I I I - A , V i l l a g e a n d T o w n 
D i r e c t o r y , A l i g a r h D i s t r i c t , 1 9 0 1 - 1 9 9 1 . 
A l t h o u g h A l i g a r h , H a t h r a s , A t r a u l i , S i k a n d r a R a o , Sasn i , 
M u r s a n , J a l a l i , C h h a r a , B e w a r , V i j a i g a r h , H a s a y a n , K a u r i a g a n j , 
P i l a k h n a and P u r d i l n a g a r w e r e c l a s s i f i e d in 1951 as the u r b a n 
a r e a s of the d i s t r i c t , but only A l i g a r h , H a t h r a s , A t r a u l i , S i k a n d r a 
R a o , Sasn i and M u r s a n w e r e c l a s s i f i e d as t o w n as p e r c l a s s i f i c a t i o n 
of 1961 and 1971 c e n s u s . T h e to ta l a rea of t h e s e t o w n s of the 
d i s t r i c t w a s 46 .4 s q . k m . in 1971^^ T h e c e n s u s of 1991 has 
c l a s s i f i e d t w e n t y p l ace s in the d i s t r i c t as t o w n s , a n d the to ta l u rban 
a r e a p o s s e s s e d by the t o w n s in the d i s t r i c t a m o u n t s to 179.50 
' Census of India, (1971) Aligarh District Census Handbook, Part-B, p.vi-vii. 
166 
s q . k m ( f i g u r e 3 .3) . I n c r e a s i n g c o n c e n t r a t i o n of u rban p o p u l a t i o n in 
the u r b a n s e t t l e m e n t s , s u g g e s t i v e of s t ab le and d y n a m i c u r b a n i s i n g 
t e n d e n c i e s in the district^^'. H a t h r a s the mos t i m p o r t a n t city of the 
d i s t r i c t has been c o n v e r t e d into the d i s t r i c t in 1999. 
The c l a s s - s i z e , a rea and p o p u l a t i o n of all the 20 u rban 
c e n t r e s of A l i g a r h d i s t r i c t (as on 1991) has been g i v e n in t a b l e 4 .3 . 
and can be seen f r o m the f i g u r e 4 .3 . 
T a b l e 4.3 
S I Z E H I E R A R C H Y O F U R B A N C E N T R E S - A L I G A R H 
Town Class -S ize Area P o p u l a t i o n 
( H e c t a r e s ) (1991) 
Al igarh I 34.45 479,978 
Atraul i HI 1.37 35,133 
Beswan V 5.51 5,010 
Chharra IV 8.92 13,338 
Hardwagan j V 12.31 9,647 
Hasayan VI 3.90 4,513 
Hathras I 8.33 _ _ _ 113,653 
Iglas V 7,946 
Jalal i IV 17.16 15,549 
Jat tar i IV 5.83 13,264 
Kaur i agan j V 4.86 8,841 
Khair III 15.54 21,761 
Mendu IV 10.42 10,100 
Mursan V 1.14 9,673 
P i lakhna V 12.62 7,379 
Pundi lnagar IV 9.86 10,312 
Qas impur IV 3.00 16,091 
Power House Colony 
Sikandra Rao III 2.83 29,818 
Sasni IV 0.29 11,494 
Vi ja igarh VI 17.47 4,759 
S o u r c e : C e n s u s o f I n d i a ( 
P a r t l l - B 1 9 8 1 , p p . 1 0 8 - 1 1 
4 , 1 9 8 1 , p p . 6 - 1 1 0 ; a n d C e 
1 9 9 1 ) P r i m a r y C e n s u s A b s t r a c t , S e r i e s - 2 2 U t t a r P r a d e s h , 
3 , a n d T o w n D i r e c t o r y , S e r i e s - 2 2 , U t t a r P r a d e s h , P a r t X -
n s u s o f I n d i a , 1 9 9 1 , o p . c i t . , p . 3 1 5 - 3 4 0 . 
26 Census of India (1991), op.cit., p. 166. 
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4 . 5 . 3 . R O A D N E T W O R K IN T H E D I S T R I C T 
A l i g a r h d i s t r i c t has a d e v e l o p e d s y s t e m of r o a d w a y s , 
c o n s i s t i n g of N a t i o n a l and Sta te H i g h w a y s , D i s t r i c t R o a d s and 
las t ly u n - m e t a l l e d roads . The N a t i o n a l H i g h w a y s ca l l ed G r a n d 
T r u n k R o a d , p a s s e s t h r o u g h the d i s t r i c t j o i n i n g w i t h i m p o r t a n t 
c i t i e s . Th i s road in the n o r t h - w e s t of A l i g a r h c i ty p a s s e s t h r o u g h 
B u l a n d s h a h r and G h a z i a b a d and j o i n s A l i g a r h to D e l h i , w h i l e in 
the s o u t h - e a s t it j o i n s A l i g a r h and K a n p u r and p a s s e s t h r o u g h E tah 
and K a n n a u j and goes up to C a l c u t t a . T h e a v e r a g e w i d t h is 30 fee t 
w h i l e tha t of s t a te H i g h w a y is 20 f ee t in the D i s t r i c t . 
T h e r e are t w o S ta te H i g h w a y s in the d i s t r i c t . T h e s e are 
A l i g a r h - A g r a R o a d , in the sou th , w h i c h p a s s e s t h r o u g h Sasn i and 
H a t h r a s b e f o r e r e a c h i n g A g r a , and A l i g a r h - A n o o p s h a r R o a d in the 
n o r t h p a s s e s t h r o u g h D a b a i and N a r o r a . 
B e s i d e s , t h e r e a re a n u m b e r of D i s t r i c t R o a d s , w h i c h c o n n e c t 
i m p o r t a n t v i l l a g e s , m a r k e t s and i n d u s t r i e s . T h e s e a l so j o i n s t a t e s 
or N a t i o n a l H i g h w a y s . S o m e of the d i s t r i c t r o a d s a re i m p o r t a n t . In 
the no r th a re R a m g a h t R o a d , A l i g a r h - C h h a r r a , A l i g a r h - G a n g i r i and 
A t r a u l i - G a n g i r i R o a d . In the sou th are the K h a i r R o a d and M a t h u r a 
R o a d . B e s i d e s , the D i s t r i c t R o a d s , t h e r e a re v i l l a g e r o a d s , w h i c h 
a re i m p o r t a n t l inks in v i l l a g e c o m m u n i c a t i o n and w h i c h p r o v i d e s 
v i l l a g e c o n n e c t i v i t y . T h e s e are ' K u c h h a ' ( u n - m e t a l l e d ) r o a d s and 
ge t f i l l e d w i t h m u d and w a t e r d u r i n g t h e r a i n y s e a s o n s and b e c o m e 
i m p a s s a b l e . 
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T a b l e . 4 .4 
L E N G T H OF M A J O R R O A D S IN A L I G A R H D I S T R I C T (km) 
Road Category 1989-90 1990-91 1991-92 
S t a t e H i g h w a y 2 0 7 2 8 2 2 8 2 
M a j o r D i s t r i c t R o a d 171 9 6 96 
O t h e r R o a d s 1 3 2 5 1 3 9 2 1 5 6 4 
T o t a l 1 7 0 3 1 7 7 0 1 9 4 2 
S o u r c e : S t a t i s t i c a l B u l l e t i n o f A l i g a r h D i s t r i c t , 1 9 9 2 , D i r e c t o r a t e o f A g r i c u l t u r e , 
A l i g a r h , U . P . 
The to ta l l eng th of m e t a l l e d r o a d s in 1989 -90 was 1703 km, 
it i n c r e a s e d to 1770 km in 1990 -91 and f u r t h e r to 1942 in 1991-92 . 
B e s i d e s an i n c r e a s e in the o v e r a l l l e n g t h of r o a d s , they are rapidly-
been c o n v e r t e d in to m e t a l l e d r o a d s . Ou t of 1942 km of roads in the 
d i s t r i c t 509 km lie in u rban a r ea s and 1433 km in rura l a rea . F rom 
the to ta l 1334 km are u n d e r the s u p e r v i s i o n of P u b l i c Works 
D e p a r t m e n t , 5 2 1 k m r o a d s u n d e r the d i s t r i c t B o a r d and M u n i c i p a l 
B o a r d and 87 km roads are u n d e r o t h e r b o d i e s . T o t a l l eng th of the 
S ta t e H i g h w a y s p a s s i n g t h r o u g h the d i s t r i c t 282 km, wh i l e m a j o r 
d i s t r i c t r o a d s cove r a d i s t a n c e of 96 k m in 1 9 9 1 - 9 2 . 27 
T a b l e 4 .5 
L E N G T H O F M E T A L L E D R O A D S IN A L I G A R H D I S T R I C T 
( A f t e r B i f u r c a t i o n ) 
Year Length of Metal led Length of Metalled 
Road per lakh pop. Road per 1000 
(km.) sq.km 
1990-91 51.6 263.3 
1996-97 73.6 375.6 
1997-98 88.3 450.9 
S o u r c e ; S t a t i s t i c a l Y e a r b o o k ( 1 9 9 9 ) D i s t r i c t S t a t i s t i c a l O f f i c e , A l i g a r h D i s t r i c t , 
p . 1 6 . 
Khan, Shabnam (1996) "Nature of Pollution and Envriontment Degradat ion in Aligarh District," 
unpublished Ph.D. thesis. Department of Geography, A.M.U. , Aligarh, p .67-70 
1 7 0 
From the t ab le 4 .5 , it has been c l ea r tha t the length of the 
m e t a l l e d roads is i n c r e a s i n g r ap id ly . T h e d i s t r i c t had 263 .3 km. 
l eng th p e r 1000 sq .km area (ou t of the to ta l a r ea of 3 6 9 1 . 5 sq. km) 
and had 51.6 km of roads pe r lakh p o p u l a t i o n ( to ta l p o p u l a t i o n of 
the d i s t r i c t 2 , 4 4 9 , 5 9 7 ) in 1990-91 , W h i l e it has been i n c r e a s e d to 
4 5 0 . 9 km per 1000 sq. km a rea and 88.3 km per lakh p o p u l a t i o n in 
1 9 9 7 - 9 8 . 
4.6 . D E M O G R A P H I C S T R U C T U R E O F T H E C I T Y 
T h e p h y s i c a l s e t t i ng and s i te are r e s p o n s i b l e fo r the o r ig in of 
a t o w n , but it is the p o p u l a t i o n the n u m b e r of i n h a b i t a n t s r e s i d i n g 
in it, w h i c h p lays a v i ta l ro le in the g r o w t h of a b u i l t - u p o r g a n i s m . 
T h e r e a s o n is tha t w h i l e the p h y s i c a l b a c k g r o u n d d e t e r m i n e s only 
the s h a p e or the s k e l e t o n of the s e t t l e m e n t , t he p o p u l a t i o n is 
r e s p o n s i b l e fo r its s ize and to a l a rge e x t e n t its f u n c t i o n s . As a 
m a t t e r of f ac t p o p u l a t i o n of a ci ty is its l i f e b l o o d so the s tudy of 
the u r b a n land use and m o r p h o l o g y of a t o w n t h e f o r m / f u n c t i o n 
r e l a t i o n s h i p - shal l be i n c o m p l e t e w i t h o u t t h e ana lys i s of its 
8 d e v e l o p m e n t b a c k g r o u n d . " 
T a b l e 4 .6 r e v e a l s t ha t in 1901 the to t a l p o p u l a t i o n of A l i g a r h 
Ci ty w a s only 7 2 , 0 8 4 , w h i c h i n c r e a s e d to 4 , 8 0 , 5 0 0 by 1991. It is 
e v i d e n t tha t t h e r e has b e e n a r ap id g r o w t h of p o p u l a t i o n du r ing 
1 9 0 1 - 2 0 0 0 . T h e h i g h e s t g r o w t h ra te has b e e n e x p e r i e n c e d in 1991, 
i .e . , a l m o s t 50%. T h e f i r s t t w o d e c a d e s of t h e t w e n t i e t h cen tu ry are 
m a r k e d wi th a l m o s t no g r o w t h in p o p u l a t i o n . 
Kumar Rajeev, op. Cit., p.28 
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A n o t h e r s i g n i f i c a n t fac t r e v e a l e d f r o m the t ab le is tha t 
t he ra te of u r b a n i z a t i o n in the ci ty a c c e l e r a t e d f r o m 1941. The 
r ap id g r o w t h of p o p u l a t i o n f r o m 1941 to 1971 p r o v i d e s a s h a r p 
c o n t r a s t wi th the ea r l i e r p e r i o d s of s low g r o w t h , v iz . , 1901 to 
193 1. T h i s g r o w t h of p o p u l a t i o n in the city d u r i n g 1941 to 1961 
and 1961 to 2000 can be a t t r i b u t e d to the e x p a n s i o n of e c o n o m i c 
a c t i v i t i e s in the c i ty , w h i c h a t t r ac t ed la rge i m m i g r a n t p o p u l a t i o n 
in to the t o w n s and the d e c l i n i n g dea th ra te , a p h e n o m e n o n , wh ich 
p r e v a i l e d all ove r the c o u n t r y . The w h o l e p e r i o d of g r o w t h has 
been d i v i d e d in to th ree p e r i o d of n e g l i g i b l e , n o r m a l and rap id 
p o p u l a t i o n g r o w t h t r ends . 
T a b l e 4 .6 
A L I G A R H C I T Y - P O P U L A T I O N G R O W T H A N D 
V A R I A T I O N 
Census Populat ion Variation Rate of Net Increase 
year Growth (%) Since 1901 
1901 720,84 - - -
1911 663,44 -5740 -7,63 -574,0 
1921 669,63 619 0.93 512,1 
1931 838,78 169,15 25.26 117,94 
1941 112,655 287,77 34.31 407,51 
1951 141,618 289,63 25.70 695,34 
1961 185,020 434,02 30.64 112,936 
1971 252,314 672,94 36.37 180,230 
1981 320,861 685,47 27.16 248,777 
1991 480,500 159,639 49.75 408,416 
2000* 700,123 219,623 45.70 628,039 
S o u r c e : C e n s u s o f I n d i a ( 1 9 9 1 ) , S e r i e s 2 2 , U t t a r P r a d e s h , P a r t - X H I - A V i l l a g e a n d 
T o w n D i r e c t o r y , D i s t r i c t A l i g a r h . 
* P r o j e c t e d F i g u r e s , 
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2. Pe r iod of N o r m a l G r o w t h ( 1 9 3 1 - 1 9 6 1 ) 
3. Pe r iod of Rap id g r o w t h ( 1 9 7 1 - 1 9 9 1 ) 
1. P e r i o d of N e g l i g i b l e g r o w t h ( 1 9 0 1 - 1 9 2 1 ) 
There w a s a lmos t n e g l i g i b l e g r o w t h d u r i n g 1901-1921 as is 
c l e a r f r o m the t ab le . The ci ty r e c o r d e d h e a v y p o p u l a t i o n d e c r e a s e 
d u r i n g 1 9 0 1 - 1 9 1 1 . Th i s loss w a s due to the pos t war c o n d i t i o n s 
and i n f l u e n z a and p l a g u e epidemic ,^ ' ' w h i c h c a u s e d a gene ra l 
d e c l i n e of p o p u l a t i o n all ove r the c o u n t r y , e s p e c i a l l y in d e n s e 
u r b a n a reas . D u r i n g the n e x t d e c a d e t h e r e w a s an i n c r e a s e of only 
0 .93 p e r c e n t . The a f t e r e f f e c t s of i n f l u e n z a an e p i d e m i c of 1918-19 
r e s u l t e d in loss of popu la t ion^" and the r a t e of i n c r e a s e of the 
p o p u l a t i o n was m a r g i n a l . So, b e t w e e n 1901-21 the ci ty r e g i s t e r e d a 
n e g a t i v e g r o w t h w h i c h is a t t r i b u t e d to the f ac t tha t d u r i n g this 
p e r i o d Ind ia s u f f e r e d f r o m a n u m b e r of s e r i o u s n a t u r a l c a l a m i t i e s , 
l ike the f a m i n e of 1897 w h i c h r e s u l t e d in a r e d u c t i o n in b i r th 
rate,"' ' in a d d i t i o n to the m a j o r e p i d e m i c s of i n f l u e n z a and p l a g u e . 
2. P e r i o d of N o r m a l G r o w t h ( 1 9 3 1 - 1 9 6 1 ) : 
D u r i n g th i s p e r i o d the p o p u l a t i o n g r o w t h w a s at a m o d e r a t e 
r a t e . The th i rd d e c a d e r e c o r d e d ( 1 9 2 1 - 3 1 ) an i n c r e a s e of 16 .915 in 
the p o p u l a t i o n , w h i c h w o r k s out 2 5 . 2 6 p e r c e n t g r o w t h ra te . A 
m o d e r a t e g r o w t h of p o p u l a t i o n is a l so r e c o r d e d d u r i n g the 
s u c c e e d i n g d e c a d e s of 1 9 4 1 - 5 1 and 1 9 5 1 - 6 1 . T h u s any p h e n o m e n a l 
r i se in the to ta l p o p u l a t i o n of the c i ty is no t r e g i s t e r e d as it is 
C.B. Mamoria ( 1 9 6 1 ) " India 's Population Problems," Kitab Mahal Pvt., Ltd., Allahabad, p. l 17. 
Taneja, K., (1971) " Morphology of Indian Cities," National Geography Society of India Publication, 
Varaiiasi, p. 1 
Ahmad, Ateeque (1990) op .c i t , p.90. 
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f o u n d in s o m e o the r c i t i es of Ut ta r P r a d e s h l ike K a n p u r / ^ The 
h i g h e s t i n c r e a s e in the ra te of g r o w t h is f o u n d d u r i n g 1931-41 , 
w h i c h w o r k s out as 34 .31 p e r c e n t . The i n d u s t r i a l and s e r v i c e s ec to r 
kep t up the leve l o f - u r b a n i z a t i o n d u r i n g 1941-51 at a m u c h h i g h e r 
l eve l . T h e ci ty r e g i s t e r e d a g r o w t h ra te of 25 .7 p e r c e n t . T h o u g h 
th i s d e c a d e s h o w e d a d e c l i n i n g ra te as c o m p a r e d to the p r e v i o u s 
d e c a d e ( 1 9 3 1 - 4 1 ) but the f o r m e r s h o w e d a net i n c r e a s e of 2 8 , 9 6 3 
p o p u l a t i o n . T h e r e a f t e r i n d e p e n d e n c e e f f o r t s on the pa r t of the 
g o v e r n m e n t g a v e f u r t h e r i m p e t u s , and r e s u l t e d in an i n c r e a s i n g 
g r o w t h ra te of 30 .64 p e r c e n t in 1 9 5 1 - 6 1 . 
3. P e r i o d of R a p i d G r o w t h ( 1 9 7 1 - 1 9 9 1 ) : 
T h e s tudy area r e c o r d e d a g r o w t h ra t e of 36 .37 p e r c e n t 
d u r i n g 1961 -71 and 2 7 . 1 6 p e r c e n t d u r i n g l 9 7 1 - 8 1 . As aga in s t th i s , 
t he p e r c e n t a g e g r o w t h was 4 9 . 7 5 d u r i n g 1 9 8 1 - 9 1 . T h i s s h o w s that 
t h e r e w a s a t r e m e n d o u s i n c r e a s e of p o p u l a t i o n d u r i n g las t t h r e e 
d e c a d e s . I n c r e a s e in p o p u l a t i o n is m a i n l y due to t w o f a c t o r s i .e . , 
n a t u r a l g r o w t h and i m m i g r a t i o n f r o m ru ra l to u r b a n a reas . As a 
r e s u l t o f i n c r e a s e d h e a l t h ca re the m o r t a l i t y r a t e has g o n e d o w n 
and the f a m i l y p l a n n i n g m e a s u r e s w e r e not b e e n a b l e to con t ro l the 
g r o w t h of p o p u l a t i o n . S ingh e t .a l ( 1 9 9 6 ) h a v e n o t e d tha t the 
p o p u l a t i o n of A l i g a r h ci ty is g e t t i n g d o u b l e d eve ry t w e l v e y e a r s at 
a r o u g h l y 6 p e r c e n t g r o w t h ra t e of p o p u l a t i o n and tha t the c i t y ' s 
p o p u l a t i o n i n c r e a s e s by n e a r l y 3 6 , 0 0 0 p e o p l e annual ly .^" Th is 
i n f o r m a t i o n h o l d s a g rea t u n c o n f o r m i t y w i t h t h e da t a in t ab l e 4 .6 . 
Census of India (1981) Series 22, Uttar Pradesh, Part-A, Village and Town Direcotry, p. 36. 
" Singh, A., Fazal, S., Azam F. and A. Rehman (1996) "Income, Environment and Health - An 
Household level Study of Aligarh City- India," H A B I T A T International, Vol. 20, N o . l , Oxford, p.77 
91. 
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I n f a c t , ne i t he r the p o p u l a t i o n of A l i g a r h ci ty is g e t t i n g d o u b l e d 
e v e r y t w e l v e yea r s nor the a n n u a l p o p u l a t i o n g r o w t h of the city is 
3 6 , 0 0 0 p e r s o n s . The p e r c e n t a g e d e c a d a l g r o w t h d e n i e s such c l a ims . 
M o r e o v e r , if the annua l p o p u l a t i o n g r o w t h of t h e ci ty w e r e t aken 
up as 3 6 , 0 0 0 p e r s o n s , it w o u l d a m o u n t t ha t t he d e c a d a l p o p u l a t i o n 
g r o w t h of A l i g a r h City is 3 , 6 0 , 0 0 0 p e r s o n s . It is an i n c r e d i b l e and 
u n r e l i a b l e g r o w t h . 
4.7 W A R D W I S E P O P U L A T I O N D I S T R I B U T I O N A N D 
D E N S I T Y 
A c c o r d i n g to 1961 c e n s u s A l i g a r h Ci ty w a s d i v i d e d into 
f i f t e e n w a r d s . The n u m b e r s of w a r d s w e r e i n c r e a s e d to th i r ty seven 
d u r i n g 1971-81 and fo r ty in 1991. On l l " ' N o v e m b e r 1994, A l i g a r h 
M u n i c i p a l C o r p o r a t i o n e x t e n d e d the ci ty l imi t , w h i c h now cove r s 
an a rea of 36 .70 sq. kms and has b e e n d i v i d e d in to s ix ty w a r d s 
( F i g u r e 4 .4 ) . P o p u l a t e d a rea can be b r o a d l y d i v i d e d in to two pa r t s , 
t he e a s t e r n and the w e s t e r n p a r t . T h e r a i l w a y l ine m a k i n g the 
d i v i d e . T a b l e 4 .7 s h o w s w a r d w i s e a rea , p o p u l a t i o n and dens i ty in 
2 0 0 0 . 
The w e s t e r n pa r t , w h i c h is t he o ld c i ty c o n t a i n s m o r e 
p o p u l a t i o n t h a n the e a s t e r n p a r t . T h e r e a s o n is t ha t t he w e s t e r n 
pa r t has a l o n g e r h i s t o ry of c o n c e n t r a t i o n and g r o w t h and is 
c o n g e s t e d t h a n the e a s t e r n p a r t , w h i c h is of l a te r o r i g i n and has 
n e w l y p l a n n e d c o l o n i e s . A l l t he d e n s e l y p o p u l a t e d w a r d s such as 
w a r d n u m b e r s 2, 20, 25 , 37 and 57 a re in t h e o ld c i ty and h a v i n g 
ve ry h igh dens i t y of m o r e t han 1 , 2 5 , 0 0 0 p e r s o n s pe r k m ^ 
M a x i m u m p o p u l a t i o n r e s i d e s in W a r d N o . 8. W a r d N o . 18 has the 
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l o w e s t p o p u l a t i o n d i s t r i b u t i o n and low d e n s i t y of 4 , 1 6 0 pe r son per 
km". T h e w a r d s wi th 13 ,000 and m o r e p o p u l a t i o n are 
2 , 3 , 8 , 1 5 , 2 0 , 3 0 , 37 ,34 and 49 f r o m w h i c h only W a r d s No . 30 and 49 
are in c ivi l l ines or on the e a s t e r n s ide of r a i l w a y l ines and the res t 
of t hem are in old city ( F i g u r e 4 .5 ) . T h e p a t t e r n of d i s t r i b u t i o n of 
p o p u l a t i o n c lea r ly i n d i c a t e s t ha t as one m o v e s in the n o r t h w a r d 
d i r e c t i o n f r o m the t h i ck ly p o p u l a t e d a r ea s , t he p o p u l a t i o n 
d e c r e a s e s till the a reas of old and c ivi l l ine of th in p o p u l a t i o n 
m e r g e d t o g e t h e r . On the w h o l e as we m o v e away f r o m the core of 
t h e c i ty , the p o p u l a t i o n d e c r e a s e s in all d i r e c t i o n s w h e t h e r it is the 
old par t of the ci ty or the c iv i l l ine a rea . The co re of the ci ty is 
e n c i r c l e d by a belt of th in p o p u l a t i o n . 
W A R D W I S E A R E A , 
T a b l e 4 .7 
P O P U L A T I O N & D E N S I T Y - 2 0 0 0 
S. No. Name Area Populat ion** Density 
(km^)* (km') 
1. Sarai Deen Dayal 0.393 12,329 31,371.5 
2. Usman Para III 0.088 13,903 1,57,988.6 
n J . Delhi Gate 0.183 13,887 75,885.2 
4. Sarai Pathan 0.296 11,310 38,209.4 
5. Sarai Bala 0.102 11,759 1,15,284.3 
6. Jai Ganj 0.055 13,193 2,39,872.7 
7. Naurangabad 0.264 12,487 47,299.2 
8. Nagla Mehtab 0.765 13,932 18,211.7 
9. Kisore Nagar 1.026 12,186 1 1,877,1 
10. Shahjamal 0.488 11,033 22,608.6 
11. Krishnapuri 0.416 11,531 27,718.7 
12. Sarai Lawarya 0.265 13,423 50,652.8 
13. Durgapuri 0.180 11,248 62,488.8 
14. Zameerabad 1.667 12,360 7,414.5 
15. Gandhi Nagar 0.608 13,894 22,851.9 
16. Nagla Masani 0.375 11,390 30,373.3 
17. Gambhirpura 0.368 10,398 28,255.4 
18. Nagla Kalar 2.716 11,299 4,160.1 
19. Sarai Kaba 0.412 12,290 29,851.9 
20. Kanwar iganj 0.034 13,901 40,885.9 
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21. Nai Basti 0.296 13,746 46,439.1 
22. Begum Bagh 1.372 12,137 8,846.2 
23. Bhujpura 1.187 11,289 9,510.5 
24. Naunair Gate 0.241 11,382 47,228.2 
25. Kala Mahal 0.087 12,636 1,45,241.3 
26. Saneechari Penth 0.179 1 1,345 63,379.8 
27. Baradwari 0.271 10,325 38,099.6 
28. Chhawani 0.532 12,395 23,298.8 
29. Nagla Pala 0.773 9,859 12,754.2 
30. Nagla Jamalpur 0.299 13,905 46,505.0 
31. Firdus Nagar 0.796 10,068 12,648.2 
32. Ghanshyampuri 0.299 9,795 32,759.1 
J J . Jawalpuri 0.862 11,305 13,114.8 
34. Ni ran janpur i 
(civil l ines) 
1.425 13,490 9,466.6 
35. Sarai Pakki 0.088 12,647 1,43715.9 
36. Hamdard Nagar 0.423 9,883 23,364.0 
37. Shivpuri 0.107 13,928 1,30,168.2 
38. ADA Colony Area 2.544 11,313 4.446.9 
39. Sarai Nawab 0.366 12,371 33,800.5 
40. Bagpur 0.507 11,195 22,080.8 
41. Badam Nagar 0.271 10,343 38, 166.0 
42. Sudamapuri 0.240 10,708 44,616,6 
43. Zohra Bagh 0.568 12,053 21,220.0 
44. Lakhraj Nagar 1.960 12,332 6,291.8 
45. Barahmmanpur i 0.428 12,313 28,768.6 
46. Ashok Nagar 0.237 12,071 50,932.4 
47. Jeevangarh 0.702 12,654 18,025.6 
48. Deri Nagar 0.461 12,358 26,806.9 
49. Dodhpur 2.566 13,010 5,070.1 
50. Rasua lganj 0.149 11,922 80,013.4 
51. Janakpuri 0.794 11,899 14,986.1 
52. Badar Bagh 1.002 9 ,798 9,778.4 
53. Bhamola 0.493 9,765 19,807.3 
54. Bania Para 0.107 11,512 1,07,588.7 
55. Khai Dora 0.151 11,803 78,165.5 
56. Tantan Para 0.136 12,393 91,125.0 
57. Universi ty Area 1.487 10,449 7,026.8 
58. Manak Chowk 0.100 10,785 1,07,850.0 
59. Sarai Baram Beg 0.100 12,795 1,27,950.0 
60. Awas Vikas Colony 1.382 11,404 8,245.8 
Total 36.70 7 ,15 ,137 
S o u r c e : * A l i g a r h M u n i c i p a l C o r p o r a t i o n , A l i g a r h P r o j e c t F i g u r e s 
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4.8 M O R P H O L O G I C A L C H A R A C T E R I S T I C S A N D 
L A N D U S E P R O B L E M S 
T h e l a n d u s e pa t t e rn and ana lys i s of t h e c i ty r e f l e c t s the 
e c o n o m i c p o s i t i o n and the r e l a t ed u rban p r o b l e m s . T h e city can 
p r o v i d e to its c i t i z ens wi th p l en ty of r o o m s f o r m a n i f o l d r a n g e s of 
a c t i v i t i e s but t he re are p r o b l e m s r e g a r d i n g e f f i c i e n t use and 
o r g a n i z a t i o n of a v a i l a b l e space . The i n t e n s i v e d e v e l o p m e n t of the 
c i ty , i . e . , the p r o p e r and o p t i m u m use of i ts l a n d is s t i l l a lmos t 
h a p h a z a r d . As the e c o n o m i c g rav i ty is not u n i f o r m , A l i g a r h is a 
l o o s e K n i t ci ty wi th many p a t c h e s of v a c a n t l and , a g r i c u l t u r a l land 
and g r a v e - ya rds . T h e r e is no p r o p e r c o h e s i v e t o w n d e v e l o p m e n t . 
T h a t is w h y the ci ty is f a c i n g p r o b l e m s in s e v e r a l regards . ' ' ' ' 
4 . 8 . L T H E P R O B L E M S A S S O C I A T E D W I T H R E S I D E N T I A L 
A R E A S 
T h e land use of A l i g a r h Ci ty , t h e r e f o r e , is no t an e x c e p t i o n 
to o t h e r c i t i e s of the s i m i l a r f u n c t i o n a l c h a r a c t e r i s t i c s and s ize as 
t h e c i ty has m a x i m u m land put to r e s i d e n t i a l a r e a s , w h i c h is qu i te 
c o m m o n in a l m o s t all the c i t i es in Ind i a . 
To the w e s t of the r a i l w a y l ine the r e s i d e n t i a l a r ea s f o r m par t 
o f the old c i ty w h e r e h o u s e s are old d e s i g n e d and by v i r t u e of the i r 
a g e are m o r e o f t e n than no t in d i l a p i d a t e d c o n d i t i o n . T h e y have 
b e e n a r b i t r a r i l y f r a g m e n t e d f r o m the p a r e n t a l s i t e . N a r r o w lanes , 
w i t h d e a d ends and b l ind cu rves are l i ned w i t h p e t t y s h o p s . R o o m s 
are d a r k and d a m p . Some of t h e m are u s e d as w o r k s h o p s . T h e r e is 
^^  Kumar, Rajeev (1991) op. cit., p. 255-256. 
Ibid., p.69 
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no o p e n space in these l o c a t i o n s and p r e s e n t ve ry h i g h dens i ty of 
p o p u l a t i o n . 
To the east of the r a i lway l ine , the c iv i l l i nes and c o n t i g u o u s 
a r e a s h a v e c o m e up as e l i t e r e s i d e n t i a l a r e a / ^ It is rea l ly p i t i a b l e 
t ha t w h i l e a l a rger n u m b e r of p e o p l e l ive in c o n g e s t i o n and s lums , 
a f e w c a p i t a l i s t s have l a rge v a c a n t land a r o u n d t h e i r a b o d e s wh ich 
is u s e d only to na r r a t e the s tory of t he i r r i c h n e s s . M o s t of the land 
in s p a c i o u s b u n g a l o w s is ly ing vacant.^^ 
4 . 8 . 2 . T H E P R O B L E M S A S S O C I A T E D W I T H C O M M E R C I A L 
A R E A S 
T h e m a j o r p r o b l e m s a s s o c i a t e d w i th the c o m m e r c i a l 
s t r u c t u r e s are f o u n d in the ma in b u s i n e s s a r ea - C B D of the c i ty . It 
has b e e n f o u n d tha t b u s i n e s s a rea p r e s e n t s h a p h a z a r d g r o w t h , a 
c o m p l i c a t e d use and over c r o w d i n g , t r a f f i c j a m s , b o t t l e n e c k s , 
m i x e d t r a n s p o r t a t i o n , e n c r o a c h m e n t of r o a d s , all r e l a t e d to the 
w h i m s of p r o f i t - o r i e n t e d b u s i n e s s c l a s s s i m p l y to get m a x i m u m 
b u s i n e s s in the hea r t of the c i ty . C o n s e q u e n t l y , c e n t r i p e t a l f o r c e s 
h a v e led to h igh c o n g e s t i o n of s h o p s a l o n g n a r r o w r o a d s , lanes and 
by l a n e s . Such a d e v e l o p m e n t has c r e a t e d t r a f f i c p r o b l e m s a lso . 
M o r e o v e r , s ince the shops of the co re c i ty m o s t l y are e i the r the 
p a r t of the old r e s i d e n c e or in the old r e s i d e n t i a l a r e a s , they do not 
p r e s e n t a p l a n e d a t t r a c t i v e a p p e a r a n c e . 
Aziz, A. (1983) op. cit., p 16. 
" Kumar, Rajeev (1991) op. c i t , p. 238 
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4 . 8 . 3 . T H E P R O B L E M S A S S O C I A T E D W I T H I N D U S T R I A L 
A R E A S 
T h o u g h indus t r i a l a rea is be ing d e v e l o p e d in the no r th -
w e s t e r n par t of the ci ty, mos t of the c o t t a g e and h a n d i c r a f t 
i n d u s t r i e s are loca ted in its inner and m i d d l e p a r t . The f a c t o r i e s 
s i t u a t e d in the cen t ra l pa r t f a c e the p r o b l e m of s p a c e , t r a f f i c in 
c o n v e n i e n c e and haza rd in d i s p o s i n g o f f the w a s t e ma te r i a l . 
F u r t h e r , they c rea t e air p o l l u t i o n and u n h e a l t h y e n v i r o n m e n t . 
A g a i n the i ndus t r i a l a rea of the c i ty has no t b e e n p r o p e r l y s e l ec t ed . 
It is s i g n i f i c a n t to no te tha t the i n d u s t r i a l a r e a l ies in the nor th 
w e s t d i r e c t i o n and for n ine m o n t h s of the yea r the w i n d s b low f r o m 
n o r t h - wes t d i r e c t i o n to the city r e s u l t i n g in i n c r e a s e d air p o l l u t i o n 
in the c i ty . 
4 .8 .4 . T H E P R O B L E M S A S S O C I A T E D W I T H E D U C A T I O N A L 
A R E A 
A n o t h e r a spec t of the m o r p h o l o g i c a l s t r u c t u r e is in the 
c o n t e x t of e d u c a t i o n a l l a n d u s e . T h e r e is an u n e v e n d i s t r i b u t i o n of 
e d u c a t i o n a l i n s t i t u t i o n s w i th out t a k i n g in to c o n s i d e r a t i o n the need 
of the s u r r o u n d i n g a rea . T h e t w o d e g r e e c o l l e g e s f o r boys and gir ls 
and a f e w i n t e r m e d i a t e c o l l e g e s are l o c a t e d on ly a long Grand 
T r u n k R o a d (G .T . R o a d ) , w h i c h s u f f e r s f r o m t r a f f i c c o n g e s t i o n . 
T h i s f a c t p o s s e s p r o b l e m s fo r s t u d e n t s as t hey h a v e to c o m e f r o m a 
l o n g d i s t a n c e and f r o m d i f f e r e n t d i r e c t i o n s . S t u d e n t s e x p e r i e n c e 
w e a r i n e s s and w a s t e a lot of t i m e in t r a v e l l i n g t o and f r o m schoo l s 
and c o l l e g e s . 
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4 .8 .5 . T H E P R O B L E M S A S S O C I A T E D W I T H T R A F F I C 
C O N G E S T I O N 
T h e ci ty p r e s e n t s a m i s e r a b l e s i te of c o n g e s t i o n on the main 
r o a d s due to rap id g rowth of p o p u l a t i o n , h a p h a z a r d d e v e l o p m e n t of 
the c i ty and e x p e c t e d i n c r e a s e in the h e t e r o g e n e o u s v e h i c u l a r 
t r a f f i c such as a u t o m o b i l e s , r i c k s h a w s , cyc l e s and s low m o v i n g 
ca r t s . N o doub t the w h o l e s a l e M a n d i s of A l i g a r h h a v e been s h i f t e d 
to the o u t s k i r t s of the c i ty but t r a f f i c c o n g e s t i o n s t i l l c o n t i n u e s 
b e c a u s e s o m e i n d u s t r i e s are l o c a t e d in the c o r e of the ci ty. 
M o r e o v e r , G r a n d T r u n k road , t he m a i n a r t e ry p a s s e s t h r o u g h the 
hea r t of the ci ty and the re is on ly by pa s s to d i v e r t the t ho rough 
n a t i o n a l t r a f f i c w h i c h o t h e r w i s e c r e a t e s c o n g e s t i o n a l o n g this road . 
H o w e v e r , t he t i m b e r m a r k e t p r e s e n t l y l o c a t e d at M a m u B h a n j a 
R o a d , e x i s t e n c e of c o m m e r c i a l c e n t r e s in the l a n e s and by lanes of 
the ci ty l ike P h a p h a l a Ga l i , G u l l u j i Ga l i , M a m u B h a n j a , Da lya r 
f u r t h e r e n h a n c e s the t r a f f i c c o n g e s t i o n . N o w a l o n g f ly over has 
b e e n bu i l t and the p r o b l e m s of t r a f f i c b o t t l e n e c k h a s r e m o v e d . 
4 .8 .6 . T H E P R O B L E M S O F S U L L A G E A N D D R A I N A G E 
T h e d r a i n a g e p r o b l e m of the c i ty is o f t e n a t t r i b u t e d to the 
t o p o g r a p h i c a l f e a t u r e s of the l and . S i n g h e t . a l , ( 1 9 9 6 ) have a lso 
a t t r i b u t e d the w a t e r s t a g n a t i o n and d r a i n a g e p r o b l e m to the land 
d e p r e s s i o n in Al iga rh ' ' ^ Th i s is a d e t e r m i n i s t i c a p p r o a c h of 
v i e w i n g the p r o b l e m s , w h i c h a p p e a r s out o f p l a c e . If at all A l i g a r h 
is c o n s i d e r e d to be l oca t ed on an i m p e r c e p t i b l e so -ca l l ed 
d e p r e s s i o n , t hen the re are h u n d r e d s of such d e p r e s s i o n s in the vas t 
Singh, e t . a ! „ (1996) op.cit., p 78. 
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I n d o - G e n e t i c p l a i n s , p a r t i c u l a r l y in the G a n g a - Y a m u n a doab , Indo-
G h a g r a d o a b , G h a g h r a - G a n d a k doab , and s e v e r a l such doabs . 
S e v e r a l o the r c i t i e s are loca ted in s i m i l a r s i t u a t i o n s but do not 
d i s p l a y such an a p p a l l i n g p r o b l e m of s e w a r a g e and s a n i t a t i o n as 
A l i g a r h ci ty d i s p l a y s . I n f a c t , it is m o r e due to the a d m i n i s t r a t i v e 
n e g l e c t and i n e f f i c i e n c y . T h e r e are many c i t i e s l o c a t e d on the 
g e o l o g i c a l l y wel l d e f i n e d d e p r e s s i o n s , s t i l l the d r a i n a g e p r o b l e m 
has been a d m i n i s t r a t i v e l y wel l t aken up t h e r e . T h u s , t h e p i t i a b l e 
s e w e r a g e and s a n i t a t i o n p r o b l e m of A l i g a r h ci ty can not be b l a m e d 
to its t o p o g r a p h i c f e a t u r e s . 
T h e r e is no w a s t e w a t e r t r e a t m e n t f a c i l i t y f o r the c i ty . A b o u t 
o n e - t h i r d of the s e w e r a g e of the city is b r o u g h t to the s e w a g e f a rm 
o f 35 ac r e s o w n e d by the m u n i c i p a l i t y . T h e r e is a sma l l s e w a g e 
t r e a t m e n t p l a n t of 5000 m^/d c a p a c i t y to s e r v e the u n i v e r s i t y 
c a m p u s in the n o r t h e r n pa r t of the c i ty . T h e p l a n t w a s c o n s t r u c t e d 
a b o u t 20 y e a r s ago . Bu t it has neve r b e e n m a d e o p e r a t i v e . 
T h e w a s t e w a t e r is c o l l e c t e d mos t ly t h r o u g h a s y s t e m of open 
d r a i n . In m o s t of the a rea the ma in d r a i n s a re c o m p l e t e l y c h o k e d 
r e s u l t i n g in s p r e a d of s e w a g e and over f l o w i n g s u r f a c e d r a in s , poor 
s u l l a g e d i s p o s a l , b l o c k e d open d r a in s , p o o r d r a i n a g e s y s t e m and 
w a t e r l o g g i n g c r e a t e d by bo th w a t e r d i s c h a r g e d f r o m h o u s e s and 
r a i n w a t e r , f a c i l i t a t e s m o s q u i t o b r e a d i n g . M a n y i n d u s t r i a l and 
c o m m e r c i a l e s t a b l i s h m e n t s , e s p e c i a l l y c h o b a r s , r e s t a u r a n t s , 
h o s p i t a l s and h o t e l s , c o n t i n u o u s l y use l a rge a m o u n t of w a t e r and 
a f t e r u s i n g , d i s c h a r g e it in open in the f o r m of s u l l a g e . T h i s r e su l t s 
in h i g h s p r e a d of d i s e a s e s . 
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4 . 8 . 7 . T H E P R O B L E M O F G A R B A G E A N D S O L I D W A S T E 
Due to r ap id and u n p l a n n e d p o p u l a t i o n and i ndus t r i a l g rowth , 
t he p r o b l e m s of w a s t e m a n a g e m e n t has b e c o m e s e v e r e . Res iden t i a l 
d o m e s t i c w a s t e f o r m s bulk of all s o u r c e s of so l id w a s t e p r o d u c e d 
in the c i ty . O the r than the d o m e s t i c w a s t e , in old and cen t ra l par t 
of the city w h e r e v a r i o u s smal l and m e d i u m s c a l e f a c t o r i e s are 
l o c a t e d , g e n e r a t e a w i d e r a n g e of w a s t e e s p e c i a l l y the s c r a p e s and 
dus t p a r t i c l e s . M u n i c i p a l p o l l u t i o n has t u r n e d out to be the 
h a l l m a r k of the Ind ian c i t i e s M u n i c i p a l n e g l e c t c o u l d l a rge ly be 
a t t r i b u t e d to the po l i t i c a l l e v e r a g e and n o n - p e r f o r m a n c e of the 
m u n i c i p a l w o r k e r s ( s a f a i w a l l s ) and i n a d e q u a c y of c l e a n i n g 
i n f r a s t r u c t u r e . 
R e l i a b l e e s t i m a t e s of so l id w a s t e g e n e r a t i o n are not read i ly 
a v a i l a b l e . But mos t of the e s t i m a t e s a re b a s e d on pe r cap i t a no rms . 
A n d it is e s t i m a t e d tha t in A i i g a r h c i ty each r e s i d e n t g e n e r a t e d 
a b o u t 345 to 1,000 g r a m s of so l id w a s t e eve ry day , w h i c h a c c o u n t 
fo r nea r ly 250 tones of g a r b a g e pe r day . Out of th i s huge to ta l , 
n e a r l y 40 p e r c e n t (100 t o n e s ) of g a r b a g e r e c e i v e s p r o p e r sys t ems 
of c o l l e c t i o n , t r a n s p o r t a t i o n and disposal." '^ 
4 . 8 . 8 . T H E P R O B L E M O F A I R A N D N O I S E P O L L U T I O N 
A m a j o r c o n s t i t u e n t of air p o l l u t i o n is s m o k e , ma in ly comes 
f r o m la rge mi l l s , a u t o m o b i l e s and d o m e s t i c f r o n t . T h e i ron ro l l i ng 
m i l l s and oil mi l l c a u s i n g air p o l l u t i o n in t h e f o r m of s m o k e ; 
p r e s e n t in the air of d e n s e p o p u l a t e d a r e a s , l i ke Sara i Bhu r i a , 
Rehman Ateeque (1996) "Household Environmental Problems in Aiigarh City," Unlublished Ph. D. 
Thesis, Department of Geography, A.M.U. , Aiigarh, p. 92,94,105 & 114. 
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D u r g a p u r i , G a m b h i r p u r a , K i s h a n p u r i , Isa N a g e r and Shyam Nagar . 
M o u l d i n g indus t r ies of iron and brass s i t ua t ed in par t s of the city 
are c o n t r i b u t i n g large par t of air p o l l u t i o n . Bake r i e s exis ts at 
U p p e r Kot and tyre works ca r r i ed out in Sara i R a h m a n . Al iga rh is 
c o n n e c t e d with na t ional and s ta te h i g h w a y s , t h e r e f o r e , huge t r a f f i c 
p a s s e s f r o m it and there is no dear th of a u t o m o b i l e s wi th in city 
i t s e l f . The a u t o m o b i l e s and g e n e r a t o r s i n t e n s i f i e d p r o b l e m s of air 
p o l l u t i o n ju s t high on accoun t of poor e n g i n e p e r f o r m a n c e and 
r e s u l t i n g h igher emiss ion of ca rbon m o n o x i d e . T h e s m o k e which 
c o m e s f rom domes t i c sec tor cons i s t of f ue l u t i l i z e d for cook ing 
p u r p o s e . H o w e v e r , it is not so s i g n i f i c a n t now b e c a u s e use of wood 
and d u n g cake for fuel is d e c l i n i n g . N o w they accoun t only 31 
p e r c e n t , wh i l e 55 pe rcen t h o u s e h o l d s use L P G and 10 percen t 
c o n s u m e s ke rosene . The r e m a i n i n g 4 p e r c e n t u ses coal and saw 
dust for heat . 
The o ther smoke of air p o l l u t i o n is f u m e s and gas coming out 
f r o m e l ec t rop l a t i ng , n icke l , p o l i s h i n g and p a i n t i n g p l an t s . The 
p l a n t s emi t t i ng f u m e s into air sp read all ove r the ci ty and it is 
qu i t e d i f f i c u l t to d i s t i ngu i sh the a reas s e p a r a t e l y as of 
e l e c t r o p l a t i n g , n ickel and p o l i s h i n g a rea . T h e p r o b l e m of dust is 
a l so acu te because of l a rge mi l l s and b u f f i n g un i t s loca ted in the 
c i ty . The gases and chemica l p o l l u t a n t s are c o m i n g f r o m d i f f e r e n t 
c o n c e r n s of indus t r i a l e s ta te , w h i c h is s u r r o u n d e d by res iden t i a l 
a rea . W h i l e m i c r o - o r g a n i s m s a lso f i n d the i r w a y f r o m ga rbage , 
s e w a g e , su l l age and w a s t e . B e s i d e s , i n t e n s e c o n c e n t r a t i o n of 
S u l p h u r D i o x i d e (SO2), N i t r o g e n O x i d e ( N O 2 ) , H y d r o C a r b o n s (HC) 
and C a r b o n M o n o x i d e s (Co) are f o u n d at d i f f e r e n t l eve l s in the air . 
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T h u s , m a j o r s o u r c e s of air p o l l u t i o n in A l i g a r h are smoice, 
l^umes, dus t , gases , c h e m i c a l p o l l u t a n t and m i c r o - o r g a n i s m s , 
T h e r e f o r e , the p r o b l e m of air p o l l u t i o n is q u i t e s e r i ous in the old 
c i ty a rea . It b e c o m e s much p r o n o u n c e d d u r i n g w i n t e r s , the s m o k e 
c a u s e s a layer over the ci ty d u r i n g m o r n i n g and e v e n i n g . The 
r e s i d e n t e x p e r i e n c e b u r n i n g of eyes , n a s a l , i r r i t a t i on , poor 
v i s i b i l i t y and so i l i ng of c l o t h i n g f r o m dus t . 
In A l i g a r h , ma in s o u r c e s of no i s e are i n d u s t r i e s , a u t o m o b i l e s , 
m a r k e t , g e n e r a t o r s , h o m e a p p l i a n c e s and loud s p e a k e r s . The no i se 
l eve l s a re h igh in U p p e r Kot and its a d j o i n i n g a r e a s , the core of 
c i ty b e c a u s e of i n d u s t r i e s and a u t o m o b i l e s . T h e g e n e r a t o r s , m a r k e t 
and a u t o m o b i l e s are m a j o r no i s e n u i s a n c e s o u r c e p r e v a i l i n g in 
S u b h a s h R o a d , Phoo l C h a u r a h a , M a d a r Ga te , J a i g a n j , K a n v a r i g a n j , 
M a h a v e e r g a n j , B a r a h D u a r i and Sara i H a k e e m the a u t o m o b i l e s 
a l o n g b e c a m e i m p o r t a n t s o u r c e of n o i s e in ou t e r and p e r i p h e r a l 
a r e a s , and it is in e x c e s s a l o n g the m a j o r a r t e r i e s . H o w e v e r , no i s e 
n u i s a n c e due to a u t o m o b i l e s a l o n g w i th l o u d s p e a k e r s and h o m e 
a p p l i a n c e is f o u n d every w h e r e , p a r t i c u l a r l y in the co re of the ci ty. 
T h e n o i s e leve l is i n c r e a s i n g day by day d u e to i n c r e a s e in 
i n d u s t r i e s and t r a n s p o r t a t i o n , and is g o i n g to c a u s e h a z a r d s to 
h u m a n health.''® 
Las t , but not the l eas t , the l a n d s c a p e of A l i g a r h ci ty ma in ly 
old c i ty , is devo id of o p e n s p a c e , g r e e n spo t p a r k s and p l a y g r o u n d . 
In the ci ty a rea one can see G a n d h i Pa rk bu t t h e r e is no g reene ry 
he re , t he r e a s o n s b e i n g tha t c o m m e r c i a l c o m p l e x has been 
Khan , Mohd. Ishrat Saeed and Abdul Munir (1998) "Urban Impact on Natural Environment in 
Aligarh City," Asian Profile, Vol. 26, No. 5, October, p. 394-395 
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d e v e l o p e d by M u n i c i p a l Board on its e a s t e rn s ide and its open 
s p a c e is g e n e r a l l y used for v e h i c u l a r p a r k i n g . It is only the civi l 
l i ne s , w h i c h p r o v i d e s g r e e n e r y in the c i ty . 
The r ap id g rowth of A l i g a r h had b r o u g h t many p r o b l e m s 
b e c a u s e the ci ty has been so in s t a l l ed upon its phys i ca l and 
m a t e r i a l d e v e l o p m e n t that l i t t le t h o u g h t was g i v e n to the m a n n e r of 
its g r o w t h . T h e r e are n u m e r o u s p r o b l e m s of d i f f e r e n t m a g n i t u d e s 
in the f o r m of a p p a l l i n g c o n g e s t i o n , a cu t e s h o r t a g e of houses , 
t r a f f i c c o n g e s t i o n , u n s a t i s f a c t o r y and u n d e s i r a b l e m i s u s e of urban 
land and lack of c iv ic a m e n i t i e s , l ike s h o r t a g e of d r i n k i n g wa te r , 
d r a i n a g e and w a t e r l ogg ing , p r o p e r s c a v e n g i n g , e n c r o a c h m e n t s on 
r o a d s and l ike . The need of the hou r is tha t t h e s e h a z a r d s are 
r e m o v e d and i m p r o v e m e n t s s h o u l d be i n t r o d u c e d . 
Chapter-V 
A P P L I C A T I O N OF R E M O T E SENSING AND GIS 
T E C H N I Q U E S IN URBAN LANDUSE 
5.1 R E M O T E S E N S I N G 
D i f f e r e n c e s in p o p u l a t i o n dens i ty are o f t e n an i n d i c a t o r of 
d i f f e r e n c e s in l a n d u s e s c e n a r i o . S o m e l a n d u s e s , such as indus t ry 
r e q u i r e c o m p a r a t i v e l y less space than the p r i m a r y land uses and may 
be a s s o c i a t e d wi th g rea t dens i ty of p o p u l a t i o n ' . 
In the w a k e of g r o w i n g u r b a n i s a t i o n and the i n c r e a s i n g l anduse 
c o m p e t i t i o n in d i f f e r e n t s e c t o r s of u r b a n e c o n o m y , t he re is a 
l e g i t i m a t e need of the a d m i n i s t r a t o r s , e n v i r o n m e n t a l e n g i n e e r s and 
the p l a n n e r s to a c k n o w l e d g e and e m p l o y m o r e e f f i c i e n t t e c h n i q u e s of 
R e m o t e S e n s i n g and GIS to a c q u i r e a be t t e r v i e w and u n d e r s t a n d i n g 
of the p r o b l e m s and p r o s p e c t s of u r b a n l a n d u s e in the g r o w i n g c i t ies 
l ike A l i g a r h w h e r e the d e c a d a l u r b a n g r o w t h is a b o u t 50 per cent 
s i n c e 1981 . 
The a d m i n i s t r a t o r s and the p l a n n e r s mus t h a v e c o m p r e h e n s i v e 
and r e c u r r e n t i n f o r m a t i o n of the ci ty and its i m m e d i a t e e n v i r o n m e n t 
as they are e n t r u s t e d w i th the j o b of p r o m o t i n g an o r d e r l y use of the 
l and . A de t a i l ed and s o p h i s t i c a t e d da ta is n e e d e d as u r b a n p r o b l e m s 
b e c o m e i n c r e a s i n g l y c o m p l i c a t e d . T h e ra te of c h a n g e in many 
l o c a l i t i e s of A l i g a r h ci ty has been at e x p l o s i v e p r o p o r t i o n s , and it is 
ve ry c l e a r tha t the t ype and q u a n t i t i e s of da ta w h i c h w e r e used to 
c o m e to g r ip wi th y e s t e r d a y s ' p r o b l e m s s i m p l y w i l l not s u f f i c e the 
Rudd, Robert D. (1974) " Remote Sensing- A better View," Duxbury Press, California, p.66. 
1 8 9 
s o l u t i o n of the p resen t day p r o b l e m s . There are many k inds of u se fu l 
i n f o r m a t i o n , h o w e v e r , the r emote sens ing data is one of the most 
i m p o r t a n t i n f o r m a t i o n s . D e v e l o p m e n t s , in r e m o t e s e n s i n g o f f e r the 
p r o s p e c t s of marked ly g rea te r var ie ty and a m o u n t s of p r ec i s i on data". 
5.1 .1 R E M O T E S E N S I N G T E C H N I Q U E S 
K n o w l e d g e of the wor ld p h e n o m e n a is o b t a i n e d t h r o u g h sense 
p e r c e p t i o n , which are f ive in number . These senses of p e r c e p t i o n are 
the b i o l o g i c a l " s e n s o r s " of the human body . W h e n w e are mere ly 
l o o k i n g at an ob jec t we are r emote ly s e n s i n g it. T h e ex ten t of 
d i s t a n c e invo lved is c ruc ia l for the c lar i ty of i n f o r m a t i o n and the 
na tu r e of de ta i l s ob ta ined . H o w e v e r , in m o d e r n , a d v a n c e d and 
i m p r o v e d spec t ra l and spat ia l r e s o l u t i o n s the l i m i t a t i o n s of the 
d i s t a n c e has cons ide r ab ly been r educed in r e m o t e s e n s i n g t e c h n i q u e s . 
The op t i ca l - m e c h a n i c a l s e n s o r s ' of r emo te s e n s i n g t e c h n i q u e s are 
an i m p r o v e d dev ice over the human eye s enso r , as they s u c c e s s f u l l y 
de t ec t even the inv i s ib le p h e n o m e n a wi th d i s t a n c e b e i n g no se r ious 
l i m i t a t i o n . An o rd ina ry camera is p robab ly the mos t f a m i l i a r type of 
r e m o t e senso r . R e m o t e sensor s , then are m e c h a n i c a l d e v i c e s , which 
c o l l e c t i n f o r m a t i o n , usua l ly in s to rab le f o r m , a b o u t o b j e c t s or sensors 
w h i l e at g rea t d i s t ance f r o m the o b j e c t ^ 
R e m o t e sens ing is the s c i ence and art of o b t a i n i n g i n f o r m a t i o n 
abou t an ob jec t , an area , or p h e n o m e n a t h r o u g h the a n a l y s i s of data 
a c q u i r e d by a dev ice tha t is not in p h y s i c a l c o n t a c t w i t h the ob jec t , 
an a rea or p h e n o m e n a under i nves t i ga t i on . It i n v o l v e s r e c o r d i n g and 
- Ibid., p.67. 
^ Ibid., p . l . 
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a n a l y s i s of e l e c t r o m a g n e t i c r a d i a t i o n ( E M R ) e m i t t e d or r e f l e c t e d by 
the o b j e c t . 
T h e E M R is a d y n a m i c fo rm of ene rgy w h i c h is p r o p a g a t e d as 
e l e c t r o m a g n e t i c w a v e s ( E M W ) . T h e E M W t r a v e l s at the ve loc i t y of 
l ight (c = 3x 1 0 ' ' " c m / s ) , i .e. 3 0 0 , 0 0 0 k i l o m e t e r pe r s econd and 
c o n s i s t of s i n u s o i d a l e l ec t r i c (E) and m a g n e t i c ( M ) v e c t o r s . 
T h e E M R e q u a t i o n is c = X,v 
W h e r e , 
C = v e l o c i t y , v = f r e q u e n c y and X w a v e l e n g t h 
Electric fie(d 
X = Wavelength {distance between 
succBsyue wavs peaks) 
Magnetic field 
Velocity of light 
V = Frequency 
(number of cycl&s per second 
passing of a fixed point) 
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The e l e c t r o m a g n e t i c r ad i a t i on is d i v i s i b l e in to v a r i o u s zones 
e a c h c h a r a c t e r i z e d by s p e c i f i c w a v e l e n g t h . T h e m o s t p r e v a l e n t uni t 
to m e a s u r e E M R is the mic ron (^im = 10"'^ ' m ). 
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.Aircraft, 
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l I R Color Photos 
" , 5 , 6 , 
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IR Scanners 
, Landsat Multispectral Scanner ' ^ IR Scanners 
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1 0 0 - 1 
• r e t .2 
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S E 
^ I < 2 
I -
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H 2 O 
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Wavelength 500 um 
T T 
0.1 c m 
w 
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T3 <0 ns « XI x> 
CC to <0 
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(0 m m 
iC X - I 
'1 ' 1 1 1 M i l l 1 1 ) 1 1 
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5.0 c m 10 c m 
Seasa l — i 
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n 50 c m 
The e lectromagnet ic spectrum of w a v e l e n g t h from 0.3 fim to 
one meter are used in remote sens ing which c o n s i s t s o f regions such 
as ul traviolet (0 .3 - 0.4 jim), v i s ib le ( 0 . 4 - 0 . 7 ^m), near infrared (0 .7-
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1.13 i-UTi), m i d d l e - IR (1 .3 -3 |J.m), t h e r m a l - IR ( b e y o n d 3 |,im) and 
m i c r o w a v e (1 mm- I m ) . Da ta a c q u i s i t i o n u s i n g m i c r o w a v e po r t ion of 
the e l e c t r o m a g n e t i c s p e c t r u m , has p r o v i d e d a d d i t i o n a l a d v a n t a g e s 
such as a c q u i s i t i o n of da ta in all w e a t h e r c o n d i t i o n s . The v i s i b l e 
p o r t i o n g e n e r a l l y r e f e r r e d to b lue ( 0 . 4 - 0 . 5 |J.m), g r e e n (0 .5 -0 .6 (.im) 
and red ( 0 . 6 - 0 . 7 ^ m ) ^ 
T h e t h r e e m a j o r f u n c t i o n s i n v o l v e d in r e m o t e s e n s i n g are : 
1. D a t a a c q u i s i t i o n 
2. D a t a ana lys i s and 
3. D a t a i n t e r p r e t a t i o n 
T h e da ta a n a l y s i s s t age w h i c h f o r m s a r e l a t i v e l y i m p o r t a n t 
a s p e c t i n v o l v e s i n t e r p r e t a t i o n of da ta e i t he r t h r o u g h v i s u a l m e t h o d s 
or t h r o u g h d ig i t a l m e t h o d s . T h e d ig i t a l m e t h o d h o l d s the a d v a n t a g e 
of g r e a t e r p r e c i s i o n . The f o r m e r u t i l i s e s the p i c t o r i a l i m a g e da ta 
w h e r e a s the le t te r i n v o l v e s the p r o c e s s i n g of da ta in n u m e r i c a l f o r m 
wi th the aid of a c o m p u t e r . D i g i t a l a n a l y s i s has g a i n e d m o m e n t u m in 
the r e c e n t pas t due to the a v a i l a b i l i t y of s a t e l l i t e da t a d i r ec t ly in 
d i g i t a l f o r m a t and a l so due to the a d v a n c e m e n t of i m a g e p r o c e s s i n g 
s y s t e m . In a d d i t i o n , the i n t r o d u c t i o n of G e o g r a p h i c I n f o r m a t i o n 
S y s t e m ( G I S ) , w h i c h can use s a t e l l i t e da t a , a v a i l a b l e in d ig i t a l f o r m 
as i n p u t , f u r t h e r i n c r e a s e s the m o m e n t u m f o r i ts i m p r o v e d and 
i n t e r a c t i v e a n a l y t i c a l c a p a b i l i t i e s , p a r t i c u l a r l y f o r t h e m i c r o level 
s t u d i e s . 
5 .1 .2 . I M A G E I N T E R P R E T A T I O N 
I m a g e i n t e r p r e t a t i o n is d e f i n e d as the act of e x a m i n i n g i m a g e s 
to i d e n t i f y o b j e c t s and j u d g e the i r s i g n i f i c a n c e . An i n t e r p r e t e r 
Lillesand, T .M. and R.W. Keifer (1987) " Remote sensing and Image Interpretation," John Wilay 
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s t u d i e s r e m o t e l y sensed da ta and a t t e m p t s t h r o u g h log ica l p r o c e s s to 
d e t e c t , i d e n t i f y , m e a s u r e and d e l i n e a t e the e n v i r o n m e n t a l and 
c u l t u r a l o b j e c t s , pa t t e rn s and spa t i a l r e l a t i o n s h i p s . It is an 
i n f o r m a t i o n b u i l d i n g p r o c e s s . 
5 . 1 . 2 . 1 . B A S I C R E A S O N S F O R A P P L I C A T I O N 
I m a g e s o b t a i n e d by r e m o t e s e n s i n g e m p l o y i n g e l e c t r o m a g n e t i c 
e n e r g y as the means of d e t e c t i n g and m e a s u r i n g t a r g e t / o b j e c t s 
c h a r a c t e r i s t i c s , has a p p l i c a b i l i t y to v a r i o u s f i e l d s b e c a u s e of fou r 
b a s i c r e a s o n s . 
i. It r e p r e s e n t s a l a rge r a rea of the ea r th f r o m a p e r s p e c t i v e v iew 
and p r o v i d e a f o r m a t tha t f a c i l i t a t e s the s tudy of ob j ec t s and 
the i r r e l a t i o n s h i p s . 
ii . C e r t a i n types of i m a g e r y and ae r i a l p h o t o g r a p h s can p r o v i d e a 
3 - D v i e w of o b j e c t s . 
i i i . C h a r a c t e r i s t i c s of o b j e c t s no t v i s i b l e to the h u m a n eye are 
t r a n s f e r r e d in to images , t h e r m o g r a m s and r a d i o p h o t o g r a p h . 
iv. It p r o v i d e s the o b s e r v e r w i t h a p e r m a n e n t r eco rd / 
r e p r e s e n t a t i o n of o b j e c t i v e at any m o m e n t of t i m e . In a d d i t i o n , 
da t a in r e a l - t i m e , r e p e t i t i v e and w h e n in d ig i t a l f o r m , is 
c o m p u t e r c o m p a t i b l e f o r q u i c k a n a l y s i s ^ 
5 . 1 . 3 L A N D U S E / L A N D C O V E R 
In r e c e n t yea r s the t e rm ' l a n d c o v e r ' has c o m e to be c o m m o n l y 
u sed in a s s o c i a t i o n w i th the t e r m ' l a n d u s e ' . T h e t w o are not 
(feSons, N e w York. p.4. 
^ S.K. Mittal (1997) "Photogrammetry Image Interpretation and Digital Image Processing" (Compiled) 
Vol. II, PRS Division, IIRS, DehraDun, p. 191-192. 
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s y n o n y m o u s . L a n d u s e i nc ludes the o c c u p a t i o n a l i m p r e s s i o n s in a 
g i v e n a r ea f r o m fa rm to go l f c o u r s e , h o u s e to c o m m e r c i a l 
e s t a b l i s h m e n t s , h o s p i t a l s to g r a v e y a r d s and so on . L a n d cove r r e f e r s 
m o r e to the v e g e t a t i o n and o the r na tu ra l f e a t u r e s in a region^. 
L a n d use r e f e r s to " m a n ' s ac t iv i t i e s and the v a r i o u s uses , wh ich 
are c a r r i e d out on l and" , land cover r e f e r s to " n a t u r a l v e g e t a t i o n , 
w a t e r b o d i e s , r o c k s / s o i l and o ther f e a t u r e s r e s u l t i n g due to land 
t r a n s f o r m a t i o n " . A l t h o u g h l a n d u s e is g e n e r a l l y i n f e r r e d , based on the 
c o v e r , ye t bo th the t e rms are s o m e t i m e s u sed s y n o n y m o u s l y and are 
i n t e r c h a n g e a b l e . The image ry p r o v i d e s land c o v e r da ta but wi th 
i n t e r p r e t a t i o n keys we are ab le to p r o v i d e i n f o r m a t i o n on l anduse 
ac t iv i t i e s^ . 
In the u rban l a n d u s e c o n t e x t , l and is c l a s s i f i e d into such 
c a t e g o r i e s as p r o c e s s i n g , d i s t r i b u t i o n of s e r v i c e s , h o u s i n g , 
r e c r e a t i o n , t r a n s p o r t a t i o n and o the r a c t i v i t i e s of an u r b a n i s e d soc ie ty . 
S i n c e t h e s e ac t i v i t i e s tend to be c o n c e n t r a t e d in c e n t e r s , the wor th of 
l and is a s s e s s e d by its l oca t i on r a the r t han by i ts f e r t i l i t y or m ine ra l 
con ten t s^ . 
T h e p r e p a r a t i o n of u r b a n l a n d u s e p l a n r e q u i r e s t h e d r a w i n g up 
of an i n v e n t o r y of all p a r c e l s of land o w n e d p u b l i c l y or p r i v a t e l y , 
d e v e l o p e d or u n d e v e l o p e d and c l a s s i f y i n g the p a r c e l s of d e v e l o p e d 
land by u se s to w h i c h they are pu t , land u s e da t a , l i ke any o the r da ta 
r e q u i r e d in u r b a n and r e g i o n a l p l a n n i n g s h o u l d be a c c u r a t e , up - to -
" Mittal, S.K. (1997) op. c i t , p. 197. 
^ B. Rainesh, (1996) "Urban Landuse classification system, Interpretation, Monitor ing and Change 
Detection Analysis using Satellite Imagery and Aerial Photographs", Unpubl ished Report, HUSAG, IIRS, 
DehraDun, p. 21-22. 
^ Chapin & Kaiser (1979) "Urban Landuse Planning", University of Illinois Press, p.4. 
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da te s t a n d a r d i s e d and c o m p a r a b l e . The p r o c e s s of u r b a n l a n d u s e 
s tudy a s s u m e s an added i m p o r t a n c e s ince it h e l p s a p l a n n e d g rowth 
in o r d e r to c o n s e r v e land and r e g u l a t e its u t i l i s a t i o n . In land use 
s t u d i e s , the p u r p o s e usua l ly i d e n t i f i e d w i th the p u b l i c in te res t are 
h e a l t h , s a f e t y , c o n v e n i e n c e , e c o n o m y and a n x i e t y . T h e i m p o r t a n c e of 
u rban land use s tud i e s a r i ses to c o n s e r v e l and , r e g u l a t e its use 
m i n i m i z e the m i s u s e s , c o n t r o l s p r a w l and b l i gh t and so o n ' . 
5 . 1 . 3 . 1 A P P L I C A T I O N O F S A T E L L I T E I M A G E R Y 
T h e a v a i l a b i l i t y of s a t e l l i t e i m a g e da ta in d i f f e r e n t f o r m s has 
lead to a v a r i e d a p p l i c a t i o n in the l a n d u s e and land c o v e r m a p p i n g 
p a r t i c u l a r l y in the u r b a n a r ea s . T h e a d v a n t a g e of s a t e l l i t e da ta are 
n u m e r o u s . For the p u r p o s e of l a n d u s e m a p p i n g , the w i d e and 
r e p e t i t i v e c o v e r a g e a f f o r e d e d by the s a t e l l i t e p l a t f o r m s are spec i a l l y 
i m p o r t a n t w i th r e g a r d to the cos t e f f e c t i v e n e s s of c o l l e c t i n g and the 
e a s e of u p d a t i n g the land use da ta i n i t i a l l y , t he a p p l i c a t i o n t e n d e d to 
c o n c e n t r a t e on a m a n u a l a p p r o a c h of g e n e r a t i n g the l and use da ta and 
p r o d u c i n g m a p s . Wi th the m o r e g e n e r a l a v a i l a b i l i t y of s o f t w a r e 
p a c k a g e s fo r the m a i n f r a m e c o m p u t e r and s p e c i a l i s e d c o m p u t e r ba sed 
i m a g e a n a l y s i s s y s t e m s , d ig i t a l a n a l y s i s of t h e s a t e l l i t e da ta , has 
b e c o m e s t a n d a r d in r e c e n t y e a r s . T h e p r o c e d u r e of m a n u a l and d ig i t a l 
a n a l y s i s of s a t e l l i t e da ta f o r l a n d u s e m a p p i n g h a v e b e e n we l l 
e s t a b l i s h e d now"^. 
R e m o t e s e n s i n g m e t h o d s a re b e c o m i n g i n c r e a s i n g l y i m p o r t a n t 
fo r m a p p i n g l a n d u s e and land c o v e r f o r the f o l l o w i n g r e a s o n s : 
' Gautam, N.C. (1978) "Urban Landuse Studies through Aerial Photo-Interpretation Techniques", Pink 
Publishing House, Mathura, p. 3-4. 
Lo, C.P. (1986) "Applied Remote Sensing" Longman Scientific and Technical Group. 
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1. I m a g e s of l a rge a reas can be a c q u i r e d r a p i d l y . 
2. Images can be acqu i r ed with a spa t i a l r e s o l u t i o n that m a t c h e s 
the d e g r e e of de ta i l r e q u i r e d for the s u r v e y . 
3. R e m o t e s e n s i n g i m a g e s e l i m i n a t e the p r o b l e m s of s u r f a c e 
a c c e s s that o f t e n h a m p e r g r o u n d s u r v e y s . 
4. I m a g e s p r o v i d e a p e r s p e c t i v e v i e w tha t is l a c k i n g in g round 
s u r v e y s . 
5. I m a g e i n t e r p r e t a t i o n is f a s t e r and less e x p e n s i v e than 
c o n d u c t i n g g r o u n d s u r v e y s . 
6. I m a g e s p r o v i d e an u n b i a s e d , p e r m a n e n t da t a set tha t may be 
i n t e r p r e t e d for a w i d e r a n g e of s p e c i f i c l a n d u s e and land cove r , 
such as f o r e s t ry , a g r i c u l t u r e and u r b a n g r o w t h . 
T h e r e are s o m e d i s a d v a n t a g e s a l so in r e m o t e s e n s i n g s u r v e y s : 
1. D i f f e r e n t types of l a n d u s e may not be d i s t i n g u i s h a b l e on 
i m a g e s . 
2. S o m e images lack the h o r i z o n t a l p e r s p e c t i v e tha t is v a l u a b l e 
fo r i d e n t i f y i n g many c a t e g o r i e s of l a n d u s e . 
3. Fo r su rveys of smal l a reas , the cos t of m o b i l i s i n g a r e m o t e 
s e n s i n g m i s s i o n may be u n e c o n o m i c a l " . 
5 . 1 . 3 . 2 . C L A S S I F I C A T I O N A N D D E L I N E A T I O N C R I T E R I A 
C l a s s i f i c a t i o n is an ac t iv i ty of s u b - d i v i d i n g a g r o u p of o b j e c t s 
in t w o or m o r e c a t e g o r i e s , i .e . to a r r a n g e o b j e c t s in to c l a s ses 
" Sabins, JR. Floyed F. ( !9S7) "Remote Sensing-Principles and Interpretat ion", W.H. Freeman and 
Company, P. 357. 
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a c c o r d i n g to some s y s t e m s or p r i n c i p l e s . T h i s can be based on 
a c t i v i t y , e c o n o m i c f u n c t i o n , pi iysical a p p e a r a n c e , or s imp le land 
c o v e r . T h e r e f o r e , the f u n c t i o n of a c l a s s i f i c a t i o n s y s t e m is to p r o v i d e 
a f r a m e w o r k for o r g a n i s i n g and c a t e g o r i z i n g i n f o r m a t i o n . A s s u m i n g 
tha t c l a s s i f i c a t i o n s y s t e m s are a n e c e s s a r y c o m p o n e n t of e f f e c t i v e 
u rban l a n d u s e / land cove r m a n a g e m e n t and p l a n n i n g , it is i m p o r t a n t 
to p o i n t out tha t the re is no ideal land use / l and c o v e r c l a s s i f i c a t i o n 
s c h e m e and it is u n l i k e l y one wil l be d e v e l o p e d w h i c h is u n i v e r s a l l y 
a c c e p t a b l e . 
A n d e r s o n et. al . , ( 1 9 7 6 ) p r e p a r e d a c l a s s i f i c a t i o n s c h e m e 
d e s i g n e d to mee t the f o l l o w i n g c r i t e r i a . ' ^ 
1. A m i n i m u m i n t e r p r e t a t i o n a c c u r a c y of at l eas t 85 p e r c e n t . 
2. E q u a l a c c u r a c y for d i f f e r e n t c a t e g o r i e s ; and 
3. R e p e a t a b l e r e su l t s . 
C l a s s i f i c a t i o n is the g r o u p i n g of s u b j e c t s in to c a t e g o r i e s on the 
bas i s of p r o p e r t i e s or r e l a t i o n s h i p s they h a v e in c o m m o n . C o d i n g is a 
s y s t e m a t i c m e a n s fo r r e c o r d i n g l a n d u s e s in l ine w i t h the i r p u r p o s e . 
C o d i n g p e r m i t s qu i ck a c c e s s to l a n d u s e da ta and the r e a r r a n g e m e n t of 
l a n d u s e da ta in to fa i r combinat ion. '"^ 
In th i s s tudy an a t t e m p t has b e e n m a d e to i d e n t i f y v a r i o u s land 
use / c o v e r c l a s s e s fo r A l i g a r h c i ty t h r o u g h v i s u a l i n t e r p r e t a t i o n of 
' ' Colwell, Robert N. (ed.) (1983) " Manual of Remote Sensing," American Society of Photogramentry, 
Vol. II, p. 1601. 
Anderson, JR.,E. T Hardy, J.T. Roach and R.E. Witmer (1976) " A Landuse and Land cover 
Classification System for use with Remote Sensing Data", U.S. Geological Survey Professional Paper 964, 
U.S. Govt. Printing Press, Washington, D.C. 
" L o , C . P . ( 1 9 8 6 ) o p . c i t . , p . 2 2 8 . 
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M u l t i d a t e i m a g e s on 1 :50 ,000 sca le for S P O T ( P L A and M L A ) , IRS-
IC ( P A N ) and I R C - ID ( L I S S - I I I ) images . Up to leve l II c l a s s e s h a v e 
been i d e n t i f i e d w h i c h c o n s i s t of 6 main c l a s s e s and 20 sub c l a s s e s . 
The c l a s s i f i c a t i o n s c h e m e for t o p o g r a p h i c a l m a p and sa t e l l i t e 
i m a g e r y h a v e been g i v e n in A p p e n d i x - C & D. 
D E L I N E A T I O N C R I T E R I A 
B e s i d e s c l a s s i f i c a t i o n a n o t h e r i m p o r t a n t a s p e c t w h i c h has 
been c o n s i d e r e d b e f o r e t a k i n g up any i n t e r p r e t a t i o n e x e r c i s e 
s p e c i a l l y in v i sua l i n t e r p r e t a t i o n , is the d e l i n e a t i o n c r i t e r i a . 
N o r m a l l y , w h a t w a s seen wi th naked eye or u n d e r m a g n i f i c a t i o n was 
no t p o s s i b l e to be d e l i n e a t e d u n l e s s it w a s e x a g g e r a t e d . T h i s 
e x a g g e r a t i o n can be a c c e p t e d in case of p o i n t i n f o r m a t i o n or l i nea r 
bu t no t in ae r i a l e x t e n t , b e c a u s e then m e a s u r e m e n t of a rea w o u l d be 
w r o n g . T h e r e f o r e , d e p e n d i n g on the m a p p i n g s c a l e of the t h e m a t i c 
i n f o r m a t i o n one has to d e c i d e as to w h a t w o u l d be t h e m i n i m u m / 
m a x i m u m s ize of the d e l i n e a t i o n un i t . It s h o u l d n e i t h e r be too sma l l , 
nor t oo l a rge , b e c a u s e in one ca se the f i na l map w o u l d be i l l e g i b l e , in 
the c a r t o g r a p h i c s e n s e , in the o the r , it w o u l d m e a n lot of 
g e n e r a l i z a t i o n . 
D e l i n e a t i o n i n v o l v e s the ab i l i ty to d e t e c t , i d e n t i f y and c l a s s i f y 
u r b a n land u s e p a t t e r n s r e c o r d e d on r e m o t e l y s e n s e d d a t a . W h i l e th i s 
is p e r h a p s a m o s t c r i t i ca l a spec t of c o n d u c t i n g s t u d i e s of u r b a n a r ea s , 
it is a l so i m p o r t a n t to c o n s i d e r the m i n i m u m s i ze of p a r c e l s tha t can 
be r e p r e s e n t e d on a m a p p r o d u c t of a g i v e n s ca l e . T h e m i n i m u m s ize 
i .e . , t h r e s h o l d is g o v e r n e d by the f o l l o w i n g f a c t o r s : 
' ' Ramesh, B ( 1 9 9 6 ) o p . cit., p.23. 
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a) the ab i l i t y to c o n s i s t e n t l y r e c o g n i s e , c l a s s i f y and d e l i n e a t e 
p a r c e l s ; 
b) the t ime a v a i l a b l e for map c o m p i l a t i o n and the c o m p l e x i t y of the 
m a p p r o d u c t de s i r ed by the g iven uses ; and 
c) the c a r t o g r a p h i c i n a c c u r a c i e s i n v o l v e d in the p o r t r a y a l and 
m e a s u r e m e n t of smal l p a r c e l s . " ' 
T h e d e l i n e a t i o n p r o b l e m can a l so be t a c k l e d , by i m a g e 
e n h a n c e m e n t . In the ca se of images , it is a l w a y s p o s s i b l e to o b t a i n 
the i m a g e s on the sca l e on wh ich t h e m a t i c m a p s a re to be p r e p a r e d , 
t hen c o n s i d e r a t i o n is on the d e l i n e a t i o n un i t . 
H o w e v e r , it is a lways r e c o m m e n d e d tha t i n f o r m a t i o n c o l l e c t e d 
is i n t e r p r e t e d at the l a r g e r s ca l e ( m i n i m u m s ize of d e l i n e a t i o n ) , and 
the g e n e r a l i z a t i o n and a g g r e g a t i o n is d o n e at t h e a n a l y s i s or 
p r o c e s s i n g s t age , bo th in v i s u a l m o d e as w e l l as in c o m p u t e r 
a n a l y s i s , b e c a u s e only t h e n one can m a x i m i z e on t h e i n f o r m a t i o n 
c o n t e n t , w h i c h can be a r r ived f r o m the ae r i a l p h o t o g r a p h s or 
i m a g e s . 
T h e m i n i m u m m a p p i n g un i t fo r the s tudy a r ea h a s b e e n t a k e n as 
3 m m X 3 m m , w h i c h r e p r e s e n t s 2 .25 h e c t a r e s or 0 . 2 2 5 sq . k m . a rea on 
the g r o u n d on 1 :50 ,000 sca l e and h e n c e a r e a s h a v i n g s m a l l e r 
d i m e n s i o n s t han the s i ze of the m i n i m u m m a p p i n g u n i t w e r e , 
t h e r e f o r e , g e n e r a l i s e d . H o w e v e r , t he s p e c i f i c u r b a n f e a t u r e s w e r e 
i d e n t i f i e d and i n t e r p r e t e d on the p a r c e l s i ze m u c h s m a l l e r t han 2 .25 
" Colwell (1983) op . cit., p. 1597. 
" Ramesh, B. (1996) op. cit, p. 24-25. 
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h e c t a r e s d u e to the e n h a n c e d spa t ia l r e s o l u t i o n of 5.8 m e t e r s on IRS-
IC and IRS- ID images . 
5 . 1 . 3 . 3 A C C U R A C Y A S S E S S M E N T 
A p r i m a r y o b j e c t i v e of many r e m o t e s e n s i n g a p p l i c a t i o n s is the 
p r e p a r a t i o n of a t h e m a t i c map . T h e m a t i c m a p s of l a n d u s e / land cover 
are p r o b a b l y the mos t c o m m o n a p p l i c a t i o n . O f t e n such maps are 
r e q u i r e d to a c h i e v e a p r e d e t e r m i n e d leve l of a c c u r a c y ; at the very 
l eas t , u se r s wi l l wan t to k n o w the leve l o f a c c u r a c y a s s o c i a t e d wi th 
18 the f i n i s h e d m a p s so tha t they wi l l u n d e r s t a n d h o w b e s t to use it. 
E r r o r s in m a p s are of two types - Q u a n t i t a t i v e (or me t r i c ) and 
N o n - q u a n t i t a t i v e . A c o m m o n but cos t ly p r o c e d u r e for a s s e s s i n g 
e r ro r s is to car ry out e x t e n s i v e s a m p l e s u r v e y s to f ind out the 
s t a n d a r d e r ro r ( root m e a n s e r r o r s ) f r o m the s u r v e y da ta . H o w e v e r , 
even wi th th i s a p p r o a c h t h e r e is an a rea of i n t e r p r e t a t i o n w h i c h mus t 
be r e c o g n i z e d in o rder to avo id the s t r i n g e n t a p p l i c a t i o n of ru l e s that 
do not r e f l e c t the aim of m a p p r e p a r a t i o n . 
N o n - q u a n t i t a t i v e e r ro r s are of i n t e r p r e t a t i o n , o t h e r then m e t r i c 
o r i g i n . Bu t th i s can be c h e c k e d by f i e l d m e t h o d s . ' ^ The m i n i m u m 
i n t e r p r e t a t i o n a c c u r a c y and r e l i a b i l i t y in the i d e n t i f i c a t i o n of land 
use / land c o v e r c a t e g o r i e s f r o m s a t e l l i t e da ta s h o u l d be at leas t 80 to 
90 p e r cent.^^ T h e r e f o r e , w i t h the use of s a t e l l i t e r e m o t e s e n s i n g da ta 
Dozier Jeff and Alantt. Strahler (1983) " Ground Investigation in Support of Remote Sensing," Roberts 
N. Coiwell (ed.) Manual of Remote Sensing vol. 1, American Society of Photogramnetry . Virginia, p. 981. 
" Sokhi, B.S.(1990) " Small Format Aerial Photography for updating of Urban Area Map- A case of 
Haridwar Town , " Role of Small Format Aerial Photography in Monitoring Urban Land use changes and 
Development Plans, Unpublished Report, HUSAG, lIRS, DehraDun, p. 40- 41. 
"" N R S A (1989) Manual of Landuse / Land cover Mapping from Satellite Imager \ ; National Remote 
Sensing Agency, Hyderabad. 
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for l a n d u s e / land cove r m a p p i n g , a m a j o r c o n c e r n is the a c c u r a c y of 
the m a p s p r o d u c e d wh ich is of p a r a m o u n t i m p o r t a n c e . 
T h e overa l l i n t e r p r e t a t i o n a c c u r a c y of l a n d u s e maps for 
d i f f e r e n t l a n d u s e c l a s se s is abou t 92 p e r c e n t . Ou t of 536 p o l y g o n s of 
v a r i o u s l a n d u s e c l a s se s , it was f o u n d tha t 4 9 5 p o l y g o n s w e r e 
c o r r e c t l y i n t e r p r e t e d in p r e f i e l d s t age . 
5.2 D I G I T A L I M A G E P R O C E S S I N G 
D i g i t a l I m a g e P r o c e s s i n g i n v o l v e s the m a n i p u l a t i o n and 
i n t e r p r e t a t i o n of images o b t a i n e d in the d ig i t a l f o r m wi th the aid of 
c o m p u t e r s . The d ig i t a l da ta can be t r e a t e d w i th i n t e r p r e t a b i l i t y and 
a n a l y s i s . In i t i a l u n d e r s t a n d i n g of the i m a g e da t a is o b t a i n e d by 
d i s p l a y i n g the sa t e l l i t e da ta on the i n t e r a c t i v e d i s p l a y m o n i t o r , e i the r 
by g e n e r a t i n g a th ree band co lo r c o m p o s i t e c a l l e d the Fa l se C o l o r 
C o m p o s i t e ( F C C ) or d i s p l a y i n g each s p e c t r a l b a n d d a t a s e p a r a t e l y in 
b l a c k and w h i t e . 
V a r i o u s p r o c e s s i n g t e c h n i q u e s are a v a i l a b l e f o r i m a g e ana lys i s 
e .g . r a d i o m e t r i c t r a n s f o r m a t i o n , g e o m e t r i c c o r r e c t i o n , da ta 
p r e s e n t a t i o n and c o m p r e s s i o n , i m a g e e n h a n c e m e n t , s t a t i s t i ca l 
a n a l y s i s , c l u s t e r i n g , f e a t u r e e x t r a c t i o n and c l a s s i f i c a t i o n for 
p r e s e n t a t i o n of r e s u l t s . 
D I G I T A L I M A G E 
A d ig i t a l image c o n s i s t s of an a r ray of t iny , e q u a l a reas , or 
p i c t u r e e l e m e n t s , a r r a n g e d in r e g u l a r r o w s and c o l u m n s . The p o s i t i o n 
of any p i c t u r e e l e m e n t , or p ixe l , is d e t e r m i n e d on an ' x y ' c o o r d i n a t e 
s y s t e m . E a c h p ixe l a l so has a n u m e r i c a l v a l u e c a l l e d a ' d i g i t a l 
n u m b e r ' ( D N ) tha t r e c o r d s the i n t ens i t y of e l e c t r o m a g n e t i c e n e r g y 
2 0 2 
m e a s u r e d for the g round r e s o l u t i o n cel l r e p r e s e n t e d by that p ixe l . 
D i g i t a l n u m b e r s r ange f r o m ze ro to s o m e h i g h e r n u m b e r on a gray 
s ca l e . 
P R O C E S S I N G O V E R V I E W 
I m a g e p r o c e s s i n g m e t h o d s may be g r o u p e d t o g e t h e r in to th ree 
c a t e g o r i e s : 
a. I m a g e R e s t o r a t i o n T e c h n i q u e s - Th i s c o m p e n s a t e s fo r da ta 
e r r o r s , n o i s e , g e o m e t r i c d i s t o r t i o n s i n t r o d u c e d d u r i n g the s c a n n i n g , 
r e c o r d i n g , and p l a y b a c k o p e r a t i o n s . It i n v o l v e s : 
R e s t o r i n g p e r i o d i c l ine d r o p o u t s 
R e s t o r i n g p e r i o d i c l ine s t r i p p i n g 
F i l t e r i n g of r a n d o m no i s e 
C o r r e c t i n g for a t m o s p h e r i c s c a t t e r i n g 
C o r r e c t i n g g e o m e t r i c d i s t o r t i o n s 
b. I m a g e E n h a n c e m e n t T e c h n i q u e s - T h e s e a l t e r the v i s u a l 
i m p a c t tha t the i m a g e has on the i n t e r p r e t e r in a f a s h i o n that 
i m p r o v e s the i n f o r m a t i o n c o n t e n t . F o l l o w i n g a re the d i f f e r e n t 
e c h n i q u e s of i m a g e e n h a n c e m e n t . 
C o n t r a s t e n h a n c e m e n t 
I n t e n s i t y , hue and s a t u r a t i o n t r a n s f o r m a t i o n s 
D e n s i t y s l i c ing 
E d g e e n h a n c e m e n t 
M a k i n g d ig i t a l m o s a i c s 
P r o d u c i n g s y n t h e t i c s t e r e o i m a g e s 
I m a g e m a n i p u l a t i o n 
Ratio^ i m a g e s 
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• P r i n c i p a l c o m p o n e n t t r a n s f o r m a t i o n s 
c. I n f o r m a t i o n E x t r a c t i o n T e c h n i q u e s - T h e s e t e c h n i q u e s u t i l i ze 
the d e c i s i o n m a k i n g capab i l i t y of the c o m p u t e r to r e c o g n i z e and 
c l a s s i f y p i x e l s on the bas i s of the i r d ig i t a l s i g n a t u r e s . 
• M u l t i s p e c t r a l c l a s s i f i c a t i o n 
P r o d u c i n g c h a n g e d e t e c t i o n i m a g e s ^^  ^^  '''' ^^  
H e r e we are d e a l i n g only wi th c l a s s i f i c a t i o n t e c h n i q u e s . 
5 . 2 . 1 . C L A S S I F I C A T I O N 
C l a s s i f i c a t i o n is the p r o c e s s of s o r t i n g p i x e l s in to a f in i t e 
n u m b e r of i n d i v i d u a l c l a s ses , or c a t e g o r i e s of da t a , ba sed on the i r 
da t a f i l e v a l u e s . If a p ixe l s a t i s f i e s a c e r t a i n set o f c r i t e r i a , then the 
p i x e l is a s s i g n e d to the c lass tha t c o r r e s p o n d s to t h a t c r i t e r i a . 
Fo r the f i r s t par t of the c l a s s i f i c a t i o n p r o c e s s , t he c o m p u t e r 
s y s t e m m u s t be t r a i n e d to r e c o g n i z e p a t t e r n s in the d a t a . T r a i n i n g is 
the p r o c e s s of d e f i n i n g the c r i t e r i a by w h i c h t h e s e p a t t e r n s are 
r e c o g n i z e d . The r e su l t of t r a i n i n g is a se t of s i g n a t u r e s , w h i c h are 
Hord, R.M. (1982) "Digital Image Processing of Remotely Sensed Data", Academic Press, p. 11-12. 
" Curran, P.J. (1985) "Principles of Remote Sensing", Longman Publishing Company , London, p. 208-
224. 
Jensen, J.R. ( ' 9 8 6 ) "Introductory Image Processing: A Remote Sensing Perspect ive", Printice-Hall 
Englewood Cliffs, New Jersey, p. 1-9. 
Gonzalez , R.C. and Wintz, P. (1987) "Digital Image Processing", 2'"* Edition, Addison-Wesley 
Publication Co., Californioa, P. 503, 
^^  Lillesand and Kiefer, (1987), op.cit. p. 722. 
^^  Paratt, W.K. (1992) "Digital Image Processing", 2'"' Ed. John Wiley & Sons Inc. New York. p. 698. 
Sabins, Floyd F. (1978) op.cit., 449. 
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c r i t e r i a fo r a set of p r o p o s e d c l a s se s . D e p e n d i n g on the type of 
i n f o r m a t i o n the use r w a n t s to ex t r ac t f rom the o r i g i n a l da ta , c l a s se s 
may be a s s o c i a t e d wi th k n o w n f ea tu r e s on the g r o u n d or may s imply 
r e p r e s e n t a r ea s tha t " l ook d i f f e r e n t " to the c o m p u t e r . An e x a m p l e of 
a c l a s s i f i e d i m a g e is a land cove r map , s h o w i n g v e g e t a t i o n , ba r ren 
land , p a s t u r e , u r b a n , a g r i c u l t u r e etc^'^ 
5 . 2 . 1 . 1 T H E C L A S S I F I C A T I O N P R O C E S S 
Pattern Recognition 
P a t t e r n r e c o g n i t i o n is the s c i e n c e and art of f i n d i n g m e a n i n g f u l 
p a t t e r n s in da ta , w h i c h can be e x t r a c t e d t h r o u g h c l a s s i f i c a t i o n . By 
s p a t i a l l y and s p e c t r a l l y e n h a n c i n g an image , p a t t e r n r e c o g n i t i o n can 
be p e r f o r m e d w i th the h u m a n eye. In a c o m p u t e r s y s t e m , spec t r a l 
p a t t e r n r e c o g n i t i o n is qu i t e d i f f e r e n t . S t a t i s t i c s are d e r i v e d f r o m the 
s p e c t r a l c h a r a c t e r i s t i c s of all p ixe l s in an i m a g e . T h e n the p i x e l s are 
s o r t e d b a s e d on m a t h e m a t i c a l c r i t e r i a . The c l a s s i f i c a t i o n p r o c e s s 
b r e a k s d o w n in to t w o p a r t s - t r a i n i n g and c l a s s i f y i n g ( u s i n g a d e c i s i o n 
r u l e ) . 
Training 
T r a i n i n g is the p r o c e s s of d e f i n i n g the c r i t e r i a by w h i c h t he se 
p a t t e r n s a re r e c o g n i s e d . The c o m p u t e r s y s t e m m u s t be t r a i n e d to 
r e c o g n i s e d p a t t e r n s in the da ta . T r a i n i n g can be p e r f o r m e d wi th 
e i t he r a s u p e r v i s e d or an u n s u p e r v i s e d method""*^. 
Harrison, B.A. and Jupp, D.L.B. (1990) "Introduction to Image Processing", CSIRO, Canberra. 
^^  E R D A S Field Guide, (1997), ERDAS, Inc., Atlanta, Georgia, p. 213. 
Hord, R.M. (1982), op.cit., p. 11-13. 
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Signatures 
T h e resu l t of t r a i n i n g is a set of s i g n a t u r e s tha t d e f i n e s a 
t r a i n i n g s a m p l e or c lus t e r . Each s i g n a t u r e c o r r e s p o n d s to a c lass , and 
is u sed ' wi th a d e c i s i o n ru le to a s s ign the p i x e l s in the image to a 
c l a s s . In E R D A S the s i g n a t u r e s can be p a r a m e t r i c or n o n - p a r a m e t r i c . 
A p a r a m e t r i c s i g n a t u r e is based on s t a t i s t i c a l p a r a m e t e r s (e .g . 
m e a n and c o v a r i a n c e m a t r i x ) of the p ixe l s tha t a re in the t r a in ing 
s a m p l e or c l u s t e r . 
A n o n - p a r a m e t r i c s i g n a t u r e is not b a s e d on s t a t i s t i c s , but on 
d i s c r e e t o b j e c t s ( p o l y g o n or r e c t a n g l e s ) in a f e a t u r e s p a c e image . 
T h e s e f e a t u r e space o b j e c t s are used to d e f i n e the b o u n d a r i e s for the 
c l a s s e s . 
W h e n both p a r a m e t r i c and n o n - p a r a m e t r i c s i g n a t u r e s are used 
to c l a s s i f y an image , the use r is m o r e a b l e to a n a l y s e and v i s u a l i s e 
t h e c lass d e f i n i t i o n s than e i t he r t ype of s i g n a t u r e p r o v i d e s 
i n d e p e n d e n t l y . 
T h e va l i d i t y of s t a t i s t i c a l e s t i m a t e s f r o m s a m p l e s fo r s t a t i s t i ca l 
p r o p e r t i e s of c l a s se s d e p e n d s u p o n t w o f a c t o r s , t h e s ize and the 
n a t u r e of the s a m p l e s . S a m p l e s i ze is no t s i m p l y a m a t t e r of the 
b i g g e r the be t t e r . The cost of a c q u i r i n g t h e s e s a m p l e s s h o u l d a l so be 
t a k e n in to c o n s i d e r a t i o n . S w a i n and D a v i s (1978) ' ' and L i l l e s a n d and 
K i e f e r ( 1 9 9 4 ) ' " s u g g e s t e d tha t a m i n i m u m of 10 N b to 100 N b p ixe l s 
s h o u l d be u sed as a s a m p l e s i ze , w h e r e N b is t he n u m b e r of f e a t u r e or 
' ' Swaiii, P.H. and Davis, S.M. (eds) (1978) "Remote Sensing; The Quanti tat ive Approach" , McGrew Hill, 
New York. 
32 Lillesand and Kiefer, (1987), op.cit., p. 722. 
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b a n d s . M a t h e r (1987) ' ' ' s u g g e s t e d the m i n i m u m s a m p l e s ize of every 
c l a s s s h o u l d be 30 Nb. The e s t i m a t e s of the m e a n v e c t o r s and 
c o v a r i a n c e m a t r i c e s i m p r o v e as the n u m b e r of p i x e l s in the t r a i n i n g 
se t s i n c r e a s e s . 
Decision Rule 
A f t e r the s i g n a t u r e s are d e f i n e d , the p i x e l s of the image are 
s o r t e d in to c l a s se s based on the s i g n a t u r e s , by use of a c l a s s i f i c a t i o n 
d e c i s i o n ru le . The d e c i s i o n ru le is a m a t h e m a t i c a l a l g o r i t h m tha t , 
u s i n g da t a c o n t a i n e d in the s i g n a t u r e p e r f o r m s the a c t u a l so r t i ng of 
p i x e l s in to d i s t inc t c l ass v a l u e s . 
A p a r a m e t r i c d e c i s i o n rule is t r a i n e d by the p a r a m e t r i c 
s i g n a t u r e s . W h e n a p a r a m e t r i c d e c i s i o n ru le is u s e d , every p ixe l is 
a s s i g n e d to a c lass , s ince the p a r a m e t r i c d e c i s i o n space is 
c o n t i n u o u s . 
A n o n - p a r a m e t r i c d e c i s i o n rule is no t b a s e d on s t a t i s t i c s , 
t h e r e f o r e , it is i n d e p e n d e n t f r o m the p r o p e r t i e s of t h e da ta . If a p ixe l 
is l o c a t e d w i t h i n the b o u n d a r y of a n o n - p a r a m e t r i c s i g n a t u r e , then 
th i s d e c i s i o n ru l e wil l a s s i g n the p ixe l to the s i g n a t u r e ' s c lass . 
B a s i c a l l y , a n o n - p a r a m e t r i c d e c i s i o n r u l e d e t e r m i n e s w h e t h e r or not 
the p i x e l is l oca t ed i n s ide or o u t s i d e of a n o n - p a r a m e t r i c s i g n a t u r e 
boundary ' " ' . 
Mather, P.M. (1987) "Preprocessing of Training Data for Multispectral Image Classification", 
Proceedings of the Annual Conference of the Remote Sensing Society, University of Nottingham, p. 111-
120. 
Kloer, Brian R., (1994) "Hybrid Parametric/Non-parametric Image Classif icat ion" Paper presented at the 
A C S M - A S P R S Annual Convention, April 1994, Reno, Nevada. 
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5 . 2 . 1 . 2 A C C U R A C Y A S S E S S M E N T 
T h e A c c u r a c y A s s e s s m e n t u t i l i ty a l l o w s to c o m p a r e ce r t a in 
p i x e l s in the t h e m a t i c r a s t e r layer to r e f e r e n c e p i x e l s , for w h i c h the 
c lass is k n o w n . Th i s o r g a n i s e d way of c o m p a r i n g the c l a s s i f i c a t i o n 
wi th g r o u n d t ru th da ta , p r e v i o u s l y t e s t ed m a p s , a e r i a l p h o t o s or o the r 
da ta . 
Reference Pixels 
It is u sua l ly not p r a c t i c a l to g r o u n d t ru th or o t h e r w i s e test 
eve ry p ixe l of a c l a s s i f i e d i m a g e . T h e r e f o r e , a set o f r e f e r e n c e p ixe l s 
is u s u a l l y u s e d . R e f e r e n c e p i x e l s are p o i n t s on the c l a s s i f i e d image 
for w h i c h ac tua l da ta are (or wi l l be) k n o w n . T h e r e f e r e n c e p ixe l s are 
r a n d o m l y s e l e c t e d . 
T h r e e d i f f e r e n t types of d i s t r i b u t i o n are o f f e r e d f o r s e l e c t i n g the 
r a n d o m p i x e l s . 
> R a n d o m - o n ru l e s wi l l be u s e d . 
> S t r a t i f i e d r a n d o m - t h e n u m b e r of p o i n t s wi l l be s t r a t i f i e d to the 
d i s t r i b u t i o n of t h e m a t i c l ayer c l a s s e s . 
> E q u a l i s e d r a n d o m - e a c h c lass wi l l h a v e an equa l n u m b e r of r a n d o m 
p o i n t . 
Accuracy Assessment Cell Array 
An a c c u r a c y a s s e s s m e n t cel l a r r ay is c r e a t e d to c o m p a r e the 
c l a s s i f i e d i m a g e w i th r e f e r e n c e da ta . T h i s cel l a r r ay is s imp ly a list 
of c l a s s v a l u e s f o r the p i x e l s in the c l a s s i f i e d i m a g e f i l e and the c lass 
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v a l u e s for the c o r r e s p o n d i n g r e f e r e n c e p ixe l s . The c lass va lues for 
the r e f e r e n c e p ixe ls are input by the user . 
Error Report 
From the accuracy a s s e s s m e n t cel l a r ray , two k inds or repor t s 
can be de r ived . 
The error ma t r ix s imply c o m p a r e s the r e f e r e n c e po in t s to the 
c l a s s i f i e d po in t s in a cxc ma t r ix , w h e r e c is the n u m b e r of c lasses 
( i n c l u d i n g c lass 0). 
The accuracy report calculates s t a t i s t i c s of the p e r c e n t a g e of 
a c c u r a c y , based upon the r e su l t s of the er ror ma t r i x . 
Kappa Coefficient 
The K a p p a c o e f f i c i e n t e x p r e s s e s the p r o p o r t i o n a t e r e d u c t i o n in 
e r ro r gene ra t ed by a c l a s s i f i c a t i o n p r o c e s s , c o m p a r e d wi th the error 
of a comple t e ly r andom c l a s s i f i c a t i o n . For e x a m p l e , a va lue of .82 
w o u l d imply that the c l a s s i f i c a t i o n p r o c e s s w a s a v o i d i n g 82 pe rcen t 
of the e r ro rs that a comple t e ly r a n d o m c l a s s i f i c a t i o n would 
generate^^. 
Signature Seperability 
S i g n a t u r e sepe rab i l i t y is a s t a t i s t i ca l m e a s u r e of d i s t ance 
b e t w e e n two s igna tu re s . Sepe rab i l i t y can be c a l c u l a t e d for any 
c o m b i n a t i o n of bands that wi l l be used in the c l a s s i f i c a t i o n , enab l ing 
the use r to ru le out any bands that are not u s e f u l in c a l c u l a t i o n of the 
c l a s s i f i c a t i o n . 
^^  Congalton, R. (1991) " A Review of Assessing the Accuracy of Classif icat ion of Remotely Sensed 
Data" Remote Sensing of Environments, Vol.37, p. 35-46. 
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For the d i s t a n c e ( E u c l i d e a n ) e v a l u a t i o n , the s p e c t r a l d i s t a n c e 
b e t w e e n the m e a n v e c t o r s of each pai r of s i g n a t u r e is c o m p u t e d , i f 
the s p e c t r a l d i s t a n c e b e t w e e n two s a m p l e s is not s i g n i f i c a n t for any 
pa i r o f b a n d s , t hen they may not be d i s t i n c t e n o u g h to p r o d u c e a 
s u c c e s s f u l c l a s s i f i c a t i o n . T h e r e are t h ree o p t i o n s fo r c a l c u l a t i n g the 
s e p e r a b i l i t y - D i v e r g e n c e , T r a n s f o r m e d D i v e r g e n c e and J e f f r i e s -
M a t u s i t a . All of these o p t i o n s take into a c c o u n t the c o v a r i a n c e of the 
s i g n a t u r e s in the b a n d s be ing c o m p a r e d as we l l as t h e m e a n v e c t o r s 
of the s i g n a t u r e s . Of these , t r a n s f o r m e d D i v e r g e n c e and J e f f r i e s 
M a t u s i t a d i s t a n c e m e a s u r e m e n t has been used h e r e f o r m e a s u r i n g 
s i g n a t u r e s e p e r a b i l i t y . 
S e p e r a b i l i t y l i s t ing is a r e p o r t of the c o m p u t e d d i v e r g e n c e for 
e v e r y c l a s s pa i r fo r t w o - b a n d c o m b i n a t i o n . T h e l i s t i n g c o n t a i n s every 
d i v e r g e n c e v a l u e for the band s t u d i e d for eve ry p o s s i b l e pa i r of 
s i g n a t u r e s . 
T h e s e p a r a b i l i t y l i s t ing as c o n t a i n s the a v e r a g e d i v e r g e n c e and 
m i n i m u m d i v e r g e n c e for the b a n d se t . T h e s e n u m b e r s can be 
c o m p a r e d to o the r s e p a r a b i l i t y l i s t i ng fo r o the r b a n d combina t ions^^ . 
5 . 2 . 2 . I M A G E F U S I O N 
W i t h the a v a i l a b i l i t y of m u l t i s e n s o r , m u l t i t e m p o r a l , 
m u l t i r e s o l u t i o n and m u l t i f r e q u e n c y i m a g e d a t a f r o m the 
o b s e r v a t i o n a l s a t e l l i t e s , the f u s i o n of d ig i t a l i m a g e d a t a has b e c o m e a 
v a l u a b l e too l in r e m o t e s e n s i n g i m a g e e v a l u a t i o n . Fo r many 
a p p l i c a t i o n s , t he c o m b i n e d i n f o r m a t i o n f r o m m u l t i s e n s o r p r o v i d e s 
m o r e c o m p r e h e n s i v e i n f o r m a t i o n by c o l l e c t i n g a w i d e d i v e r s i t y of 
36 Swain, P.H. and Davis, S.M. (eds) (1978), op.cit. 
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s e n s e d w a v e l e n g t h s , spa t ia l r e s o l u t i o n s and look a n g l e s . Data 
m e r g i n g y i e ld s i m a g e r y in the i n e o r p o r a t e h i g h e r s p a t i a l r e so lu t i on 
w h i l e r e t a i n i n g the spec t ra l c h a r a c t e r i s t i c s . T h e ma in p u r p o s e of this 
p r o c e s s is to i n t e g r a t e the a b o v e m e n t i o n e d d i f f e r e n t da t a in order to 
o b t a i n m o r e i n f o r m a t i o n than can be d e r i v e d f r o m e a c h of the s ing le 
s e n s o r da t a a l o n e . 
D E F I N I T I O N S 
It is a c o m m o n l y k n o w n fac t tha t h u m a n eye can d i s c r i m i n a t e 
on ly a b o u t 8 to 16 s h a d e s of g ray , w h e r e a s m u c h m o r e shades of 
co lo r can be d i f f e r e n t i a t e d . Th i s p r o p e r t y of v i s u a l i d e n t i f i c a t i o n 
p r e s e n t in the h u m a n be ings p e r h a p s g a v e the idea o f f u s i o n a go-
a h e a d . 
I m a g e F u s i o n is the c o m b i n a t i o n of t w o or m o r e d i f f e r e n t 
i m a g e s to f o r m a new i m a g e by u s i n g a c e r t a i n a lgor i thm^^. 
T h e W e b s t e r ' s D i c t i o n a r y d e f i n e s t h e w o r d f u s i o n as a merging 
of diverse units into unified whole. T h e C h a m b e r ' s D ic t i ona ry 
d e f i n e s f u s i o n as a close union of things as if melted together. 
B o t h the a b o v e d e f i n i t i o n s g i v e us an i d e a of t h a t f u s i o n is 
q u i t e r e l a t e d to the f i r s t d e f i n i t i o n , i m a g e f u s i o n m e r g e s d ive r s e 
k i n d s of i m a g e da ta tha t m a y d i f f e r in s p a t i a l r e s o l u t i o n or in 
t e m p o r a l a s p e c t s or in o the r d e t a i l s . A l s o r e l a t e d to the s econd 
d e f i n i t i o n , in the p r o c e s s of f u s i o n t h e t w o i n p u t d a t a se t s a re u n i f i e d 
in s u c h a m a n n e r tha t the i r s e p a r a t e i d e n t i t y g i v e s w a y to a new 
i d e n t i t y : t ha t of a f u s e d i m a g e . T h i s f u s e d i m a g e l o o k s d i f f e r e n t f r o m 
Phol, C. and Genderen, J.L. Van, (1998) "Mult iSensor Image Fusion in Remote Sensing: Concepts, 
Methods and Application, IJRS Journal, Vol. 19 No.5 . p. 1068-1073. 
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both the s o u r c e i m a g e s , t h o u g h it i n c o r p o r a t e s the t r a i t s of both the 
i m a g e s . D i g i t a l i m a g e f u s i o n is a r e l a t i ve ly new r e s e a r c h f i e l d at the 
l e a d i n g e d g e of the a v a i l a b l e t e c h n o l o g y . It f o r m s a r ap id ly 
d e v e l o p i n g a r ea of r e sea r ch in r e m o t e s e n s i n g . 
I M A G E F U S I O N L E V E L S 
I m a g e f u s i o n is p e r f o r m e d at t h ree d i f f e r e n t p r o c e s s i n g l eve l s 
a c c o r d i n g to the s t age at w h i c h f u s i o n t a k e s p l a c e s ( s ee F i g u r e No . 
5 .1 ) 
1. P i x e l Leve l 
2. F e a t u r e L e v e l 
3. D e c i s i o n Leve l 
T h e i m a g e f u s i o n at the pixel level m e a n s tha t the f u s i o n o c c u r s 
at t he l o w e s t p r o c e s s i n g leve l , and a f t e r the f u s i o n is c o m p l e t e d the 
a n a l y s i s is done . The s tudy of any p a r t i c u l a r f e a t u r e is d o n e a f t e r 
m e r g i n g has b e e n done . 
F u s i o n at the feature level r e q u i r e s the e x t r a c t i o n of o b j e c t s 
r e c o g n i s e d in the v a r i o u s da ta s o u r c e s . T h e s e s i m i l a r o b j e c t s are then 
f u s e d f o r f u r t h e r a s s e s s m e n t u s i n g s t a t i s t i c a l a p p r o a c h e s or A r t i f i c i a l 
N e u r a l N e t w o r k . 
Decision or interpretation level f u s i o n r e p r e s e n t s a m e t h o d tha t 
u se s v a l u e - a d d e d da ta w h e r e the inpu t i m a g e s a re p r o c e s s e d 
i n d i v i d u a l l y fo r i n f o r m a t i o n e x t r a c t i o n . T h e o b t a i n e d i n f o r m a t i o n is 
t hen c o m b i n e d a p p l y i n g d e c i s i o n r u l e s to r e i n f o r c e c o m m o n 
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i n t e r p r e t a t i o n s and r e so lved d i f f e r e n c e s and f u r n i s h a be t t e r 
u n d e r s t a n d i n g of the o b s e r v e d objects"'^. 
E a c h of t he se t e c h n i q u e s has its o w n s p e c i f i c a t i o n s and use 
d e p e n d i n g on the da ta a v a i l a b l e and f r o m the r e s u l t s e x p e c t e d . T h e 
p i x e l - b a s e d f u s i o n shou ld be m o r e a p p r o p r i a t e f o r h o m o g e n e o u s 
s o u r c e s so tha t the c o - r e g i s t r a t i o n of the p ixe l is ve ry a c c u r a t e . Th i s 
f u s i o n is u sed for a m i n i m u m loss of i n f o r m a t i o n ( e s p e c i a l l y 
s p e c t r a l ) and to g ive a f i rs t idea of the r e s u l t s of f u s i o n . A n o t h e r 
s t a g e is the f e a t u r e - b a s e d f u s i o n . The loss of i n f o r m a t i o n is 
i m p o r t a n t , tha t is to say that i n f o r m a t i o n is s e l e c t e d b e f o r e do ing the 
f u s i o n and the exac t g e o m e t r y of the o b j e c t s is l e ss i m p o r t a n t then 
f o r the f i r s t m e t h o d . The d e c i s i o n - b a s e f u s i o n is b a s e d on expe r t 
k n o w l e d g e . It is done at a h igh a b s t r a c t i o n l eve l . T h e i m a g e f u s i o n 
n e e d s to w o r k wi th very d i f f e r e n t m e t h o d s in o r d e r to ga in a c c u r a c y 
in i m a g e s or in classif icat ion" '^ . T h e p i x e l - b a s e d t e c h n i q u e is u sed 
h e r e to f u s e da ta in o rder to e n h a n c e the v i s u a l q u a l i t y and r e s o l u t i o n 
of the i m a g e s . 
5.3 G E O G R A P H I C A L I N F O R M A T I O N S Y S T E M 
With the a d v e n t of h i g h - r e s o l u t i o n m u l t i s p e c t a l r e m o t e s e n s i n g , 
t he v o l u m e of da ta c o n c e r n i n g our t e r r e s t r i a l e n v i r o n m e n t b e c o m e s 
too l a rge and d ive r se . Th i s e x p l a i n s the n e e d to e m p l o y g e o g r a p h i c 
i n f o r m a t i o n sys t em wi th h i g h l y u s e f u l s o f t w a r e p r o g r a m s . H o w e v e r , 
t h e inpu t to the g e o g r a p h i c i n f o r m a t i o n s y s t e m , is no t r e s t r i c t e d to 
r e m o t e s e n s i n g da ta a lone . T h e w o r d ' g e o g r a p h i c ' u n i f i e s da ta wi th 
1 bid., p. 1068-1073. 
Fallourd, Gregroy, (2 
Resolution Images", Unpublislied Project Report, I IRS-GDTA Exchange, p. 02. 
000) "Image Fusion: Basics for Pixel based and Feature based Fusion for High 
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s p e c i f i c l o c a t i o n a l add re s s . In a g e o g r a p h i c i n f o r m a t i o n sys tem, the 
d a t a s h o u l d be r e f e r e n c e d in a m a n n e r , w h i c h wi l l a l l o w r e t r i eva l , 
a n a l y s i s and d i sp l ay on spa t i a l criteria'^". 
A g e o g r a p h i c i n f o r m a t i o n sys t em s h o u l d at l eas t c o n s i s t of : 
i) a da t a p r o c e s s i n g s u b - s y s t e m , 
ii) a da t a a n a l y s i s sub sys t em and , 
i i i ) an i n f o r m a t i o n use sub- s y s t e m . 
T h e da ta p r o c e s s i n g s u b s y s t e m i n c l u d e s da t a a c q u i s i t i o n , input 
and s t o r a g e . T h e da ta ana lys i s s u b - s y s t e m i n c l u d e s r e t r i e v a l ana lys i s 
and o u t p u t of i n f o r m a t i o n in v a r i o u s f o r m s . T h e i n f o r m a t i o n sub-
s y s t e m p e r m i t s i n f o r m a t i o n to be a p p l i e d to the p rob lem"" . 
5 .3 .1 G E O G R A P H I C A L D A T A 
GIS does not s to re a map in any c o n v e n t i o n a l s e n s e , nor it 
s t o r e s a p a r t i c u l a r image or v i e w of g e o g r a p h i c a r e a . I n s t e a d , a GIS 
s t o r e s the da ta f r o m w h i c h w e can d r aw a d e s i r e d v i e w to sui t a 
p a r t i c u l a r p u r p o s e k n o w n as g e o g r a p h i c da t a . T h e r e a re two types of 
d a t a in G I S : 
1) Spa t i a l da ta 
2) N o n - s p a t i a l or a t t r i bu t e da ta 
A g e o g r a p h i c a l i n f o r m a t i o n s y s t e m e s s e n t i a l l y i n t e g r a t e s the 
a b o v e t w o types of da ta and a l l ow u s e r s to d e r i v e n e w da ta f r o m 
u r b a n and r e g i o n a l and any type of p l a n n i n g . 
Toulinson, R. p. (ed.) (1972) "Geographic Data Handling", IGU Commiss ion on Geographical Data 
Sensing and Processing; Ottawa, Canada. 
" Lo, C.P. (1986) op .c i t , P. 369. 
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1) S P A T I A L D A T A 
In a GIS all g e o g r a p h i c a l da ta are r e d u c e d to th ree ba s i c 
t o p o l o g i c a l c o n c e p t s - t h e po in t , the l ine and the a r ea . In f ac t , every 
g e o g r a p h i c a l p h e n o m e n o n can in p r i n c i p l e be r e p r e s e n t e d by a p o i n t 
l ine or a r ea p lus a labe l d e s i g n a t e t e l l ing its n a t u r e and c h a r a c t e r . So 
an oil w e l l cou ld be r e p r e s e n t e d by a po in t en t i ty c o n s i s t i n g of a 
s i n g l e X Y c o o r d i n a t e pa i r and the label ' o i l w e l l ' ; a s ec t i on of 
r a i l w a y l ine cou ld be r e p r e s e n t e d by a l ine en t i ty c o n s i s t i n g of a 
s e r i e s of l ines X Y c o o r d i n a t e s and the label ' r a i l w a y ' ; a f l o o d p l a in 
c o u l d be r e p r e s e n t e d by an a rea en t i ty c o v e r i n g a set of XY 
c o o r d i n a t e s p lus the label ' f l o o d p l a i n ' . The l a b e l s c o u l d be the 
a c t u a l n a m e s as g iven he re , or they cou ld be s p e c i a l s y m b o l s . The 
e s s e n t i a l f e a t u r e s of any da ta s t o r a g e sys t em are t ha t they s h o u l d be 
a b l e to a l l o w da ta to be a c c e s s e d and c r o s s - r e f e r e n c e d q u i c k l y . 
2) N O N - S P A T I A L D A T A 
N o n - spa t i a l da ta i n c l u d e i n f o r m a t i o n a b o u t the f e a t u r e s . For 
e x a m p l e , n a m e of r o a d s , s c h o o l s , d i s t r i c t r e s i d e n t i a l co lony , 
p o p u l a t i o n or c e n s u s da ta f o r the r e g i o n c o n c e r n e d and the l ike . 
A t t r i b u t e or n o n - s p a t i a l da ta is tha t w h i c h q u a l i f i e s the spa t i a l da ta . 
It d e s c r i b e s s o m e a s p e c t s of the spa t i a l da ta , no t s p e c i f i e d by its 
g e o m e t r y alone' '^. 
Burrough, P. A. (1986) "Principles of Geographic Information System for Land Resource Assessment" , 
Clarendon Press Oxford. 
5 .3 .2 R E P R E S E N T A T I O N O F T O P O L O G I C A L D A T A ^^^ 
1. R A S T E R R E P R E S E N T A T I O N 
In r a s t e r r e p r e s e n t a t i o n set of ce l l s are l oca t ed by c o o r d i n a t e s 
and each cel l is i n d e p e n d e n t l y a d d r e s s e d wi th the v a l u e of a t t r i b u t e s . 
T h e s i m p l e s t r a s te r da ta s t r u c t u r e c o n s i s t s of an ar ray of gr id 
ce l l s . Each grid cel l is r e f e r e n c e d by a row and c o l u m n n u m b e r and it 
c o n t a i n s a n u m b e r r e p r e s e n t i n g the type or v a l u e of the a t t r i bu t e s 
b e i n g m a p p e d . In r a s t e r s t r u c t u r e s a p o i n t is r e p r e s e n t e d by a s ing le 
gr id ce l l ; a l ine by a n u m b e r of n e i g h b o r i n g ce l l s s t r u n g out in a 
c o r r e s p o n d i n g d i r ec t ion and an a rea by an a g g l o m e r a t i o n of 
n e i g h b o r i n g ce l l s . 
2. V E C T O R R E P R E S E N T A T I O N 
In v e c t o r r e p r e s e n t a t i o n the t h r e e m a i n g e o g r a p h i c a l en t i t i e s , 
s u c h as po in t s , l ine and a reas are s h o w n in a d i f f e r e n t f o r m a t . Po in t s 
a re s i m i l a r to ce l l s , e x c e p t they do no t c o v e r a r e a s ; l ines and a reas 
a re se ts of i n t e r c o n n e c t e d c o o r d i n a t e s tha t can be l inked to g iven 
a t t r i b u t e s . 
The v e c t o r r e p r e s e n t a t i o n of an o b j e c t is an a t t emp t to 
r e p r e s e n t the o b j e c t as e x a c t l y as p o s s i b l e . T h e c o o r d i n a t e space is 
a s s u m e d to be c o n t i n u o u s , no t q u a n t i s e d as w i t h the ras te r space , 
a l l o w i n g all p o s i t i o n , l e n g t h s and d i m e n s i o n s to be d e f i n e d 
p rec i se ly ' ' 
Mittal, S.K. (1997) op.cit., p. 148-150. 
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5 . 3 . 3 L I N K I N G R O M O T E S E N S I N G S Y S T E M A N D 
G E O G R A P H I C I N F O R M A T I O N S Y S T E M 
G e o g r a p h i c i n f o r m a t i o n sys t ems a re d e m o n s t r a b l y p o w e r f u l 
too l s fo r the m a n a g e m e n t and ana lys i s of spa t i a l da t a , as well as for 
the c o l l e c t i o n and c l a s s i f i c a t i o n of spa t i a l da ta . H o w e v e r , near ly all 
of the c u r r e n t l y o p e r a t i o n a l g e o g r a p h i c i n f o r m a t i o n s y s t e m u t i l i ses 
m a p s as the i r p r i m a r y s o u r c e of spa t i a l da t a . T h e s e c o m p l e x 
d o c u m e n t s , d e s i g n e d fo r v i sua l s ea rch and r e t r i e v a l a re d ig i t i z ed 
( u s u a l l y m a n u a l l y ) and then en t e r ed in to the m a s t e r s p a t i a l d a t a b a s e 
of G I S . A l t h o u g h many of the m a p s u sed as i npu t are d e r i v e d , in one 
way or a n o t h e r , f r o m air p h o t o g r a p h y to o the r r e m o t e s e n s i n g da ta , 
e s p e c i a l l y da ta o b t a i n e d f r o m orb i ta l p l a t f o r m s , as a d i rec t da ta 
i npu t . T h e las t f e w yea r s h a v e e x p e r i e n c e d an i n c r e a s e in the d i rec t 
use of r e m o t e l y s ensed da ta as inpu t , to G I S , bu t m u c h of th is 
i n t e r e s t has been c e n t e r e d in the r e m o t e s e n s i n g c o m m u n i t y r a the r 
t h a n a m o n g the p o t e n t i a l p r i m a r y u s e r s - t h o s e w h o m a k e o p e r a t i o n a l 
u s e of g e o g r a p h i c i n f o r m a t i o n sys t em. 
R E M O T E S E N S I N G I N P U T S TO G E O G R A P H I C I N F O R M A T I O N 
S Y S T E M 
T h e r e is a b a s i c d i f f e r e n c e in v i e w p o i n t b e t w e e n the GIS 
o p e r a t o r and the c r ea to r of r e m o t e s e n s i n g d a t a . G I S o p e r a t o r 
c o n s i d e r s the a c c u r a t e , d ig i t a l , p o l y g o n a l , p o i n t or n e t w o r k da ta se ts 
to be the r a w da ta , w h i c h f o r m the s t a r t i n g p o i n t f o r s u b s e q u e n t 
w o r k . On the o the r h a n d , to the r e m o t e s e n s i n g s p e c i a l i s t , the d ig i t a l 
a n a l o g u e r e m o t e s e n s i n g s cene r e p r e s e n t t h e r a w da t a and the 
c l a s s i f i e d o u t p u t , e x p r e s s e d in p o l y g o n or o the r f o r m , is c o n s i d e r e d 
to be the h i g h l y p r o c e s s e d p r o d u c t . T h u s , d e p e n d i n g on the p o i n t of 
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v i e w , one p e r s o n ' s h igh ly p r o c e s s e d o u t p u t da ta can be a n o t h e r ' s r aw 
inpu t da t a . 
T h e d i v e r g e n c e in v i ew poin t r e p r e s e n t s one of the i n s t i t u t i o n a l 
p r o b l e m s e n c o u n t e r e d in a t t e m p t i n g to e x p a n d the u t i l i s a t i on of 
r e m o t e s e n s i n g da ta , e s p e c i a l l y s a t e l l i t e - b a s e d da ta , w i th in 
o p e r a t i o n a l g e o g r a p h i c i n f o r m a t i o n s y s t e m s . 
G E O G R A P H I C I N F O R M A T I O N S Y S T E M I N P U T S T O R E M O T E 
S E N S I N G S Y S T E M 
O n e of the g r e a t e s t o v e r s i g h t s of i n d i v i d u a l s a t t e m p t i n g to 
p r o m o t e r e m o t e s e n s i n g inpu t s to g e o g r a p h i c i n f o r m a t i o n sys tem 
r e s u l t s f r o m a s s u m i n g that the f l o w of da ta s h o u l d be u n i d i r e c t i o n a l 
f r o m the r e m o t e s e n s i n g sys t em to the G I S . T h e r e v e r s e f l o w f r o m 
the GIS to the r e m o t e s e n s i n g s y s t e m s , is h i g h l y d e s i r a b l e but only 
i n f r e q u e n t l y u sed in p r e s e n t o p e r a t i o n system'^''. 
T o d a y , r e m o t e s e n s i n g s y s t e m s s e l d o m g i v e rea l a t t e n t i o n to 
' a n c i l l a r y d a t a ' in the d e v e l o p m e n t of t he i r c l a s s i f i c a t i o n s c h e m e s , 
w h i c h may w e l l be c o n t a i n e d in u s a b l e f o r m in a G I S . S u b s t a n t i a l 
i m p r o v e m e n t can be m a d e in c l a s s i f i c a t i o n a c c u r a c y if a n c i l l a r y da ta 
( t e r r a i n , so i l s , p r e v i o u s l y d e t e r m i n e d land c o v e r e t c . ) a re used in the 
c l a s s i f i c a t i o n process'^^ As p o i n t e d out , p r o b l e m s in l o c a t i o n and 
Marble, Duane F. and Onnar J. Peuquet (1983) "Geographic Information System and Remote Sensing", 
Robert N.Colwell (ed.) Mannual of Remote Sensing Vol. 1 American Society of Photogrammet t^ , Virginia 
p. 964. 
McLeod, R.G. and Thomas L. Logan (1980) " Resource Inventory techniques used in California Desert 
Conservat ion Area," Proceedings- Arid Land Resource Inventorys Workshops , LaPaz, Mexico, 
McLeod , R.G. Thomas L.Logan (1980) "The use of Landsat, Digital Terrian and Ground Sample data as 
inductively derived information input to a Multispectral Classification for Wildlands Mapping and 
Inventory", Paper Presented at the Harward Computer Graphics Week. 
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c l a s s i f i c a t i o n a c c u r a c y are m a j o r i i i nd rances to i n c o r p o r a t e r e m o t e 
s e n s i n g inpu t s to g e o g r a p h i c s y s t e m s . U s i n g the i n f o r m a t i o n a l r eady 
a v a i l a b l e in the GIS to i m p r o v e the c l a s s i f i c a t i o n s c h e m e wi l l , in 
tu rn , m a k e the r e m o t e s e n s i n g inpu t s m o r e u s a b l e by the GIS . The 
t r a n s f e r of p r e - p r o c e s s e d d ig i t a l f i l e s f r o m a r e m o t e s e n s i n g s y s t e m s 
to a G I S is c e r t a i n l y p o s s i b l e n o w ; and a l so t h e r e is no real t e c h n i c a l 
p r o b l e m i n v o l v e d in the t r a n s f o r m a t i o n of the c l a s s i f i e d , p i x e l -
b a s e d , r e m o t e s e n s i n g scene into a set of h o m o g e n o u s p o l y g o n s 
d e f i n e d in a v e c t o r da ta s t ruc tu re ' ' ^ R e m o t e s e n s i n g and GIS t o g e t h e r 
a re c r u c i a l t oo l s for s o l v i n g m a n y a p r o b l e m s f a c e d by r e s o u r c e 
m a n a g e r s and r e s o u r c e p l a n n e r s . 
GIS goes a g ian t s tep b e y o n d our p r e v i o u s t oo l s for t r a c k i n g 
s p a t i a l da t a . D r a w i n g on bo th t r a d i t i o n a l l y g a t h e r e d and r e m o t e l y 
s e n s e d r e c e n t da ta , it a l l o w s us as r e s o u r c e m a n a g e r s to d e v e l o p , 
a n a l y s e and d i sp l ay spa t i a l e x p l i c i t i n f o r m a t i o n and g ives us the 
ab i l i t y , fo r the f i r s t t ime , to dea l w i th l a rge s p a t i a l s ca l ed such as 
d r a i n a g e (< 5000 ac res ) and r e g i o n a l l a n d s c a p e s ( e .g s eve ra l m i l l i o n 
48 a c r e s ) . 
5 .4 D A T A B A S E C R E A T I O N O F T H E S T D U Y A R E A IN GIS 
Sa te l l i t e r e m o t e s e n s i n g da ta is a v a i l a b l e t o d a y f r o m I : I M to 
1 : 2 5 0 , 0 0 0 and 1 :50 ,000 s ca l e , w h i c h is c o n v e n i e n t fo r c a r r y i n g 
r e g i o n a l and d i s t r i c t leve l p l a n n i n g , it is a l so a v a i l a b l e in 1 :25 ,000 
s c a l e , w h i c h is u s e f u l fo r m i c r o leve l p l a n n i n g . At p r e s e n t , w i th the 
a v a i l a b i l i t y of h igh spa t i a l r e s o l u t i o n da ta f r o m I R S - IC and ID P A N 
47 Marble and Peuquet (1983) op. cit., p. 946. 
Franklin, Jerry F. (1994) " Developing Information Essential to Policy , Planning and Management 
Decision Making: The Promise of GIS" . V. Aiaroc Sample (ed.) Remote Sensing and GIS in Ecosystem 
Management , Island Press, California, p. 16. 
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s e n s o r s , it is p o s s i b l e to do l a rge sca l e m a p p i n g and p l a n n i n g even 
for sma l l and m e d i u m towns'''^. 
T h e G I S p a c k a g e o f f e r e f f i c i e n t c a p a b i l i t y fo r h a n d l i n g bo th 
t he se da ta ba se and a lso a l l ow spa t i a l da ta base o r g a n i s a t i o n , ma in ly 
as a t t r i b u t e s of the spa t i a l e l e m e n t s , ana lys i s and m a n i p u l a t i o n fo r 
o b t a i n i n g r e q u i r e d i n f o r m a t i o n in s p e c i f i c f o r m a t . 
T h e use of GIS t e c h n i q u e , c o u p l e d wi th r e m o t e s e n s i n g , wi l l be 
e s s e n t i a l e l e m e n t s for the p r e p a r a t i o n of i n t e g r a t e d d e v e l o p m e n t 
p l a n s . T o g e t h e r they p r o v i d e the m e a n s for the p l a n n e r s at all l eve l s . 
T h e i n h e r e n t f l e x i b i l i t y of GIS t e c h n i q u e can m a k e i m p o r t a n t 
c o n t r i b u t i o n to i m p r o v e the speed and qua l i ty of p e r f o r m a n c e of 
u r b a n and r e g i o n a l p l a n n i n g . F o l l o w i n g are the m a p s p r e p a r e d u s i n g 
G I S fo r the t he s i s w o r k . 
1 U R B A N S P R A W L M A P P I N G / C H A N G E D E T E C T I O N 
A N A L Y S I S 
T h e g r o w t h of any u r b a n a rea is d e p e n d e n t on m a n y f a c t o r s 
l ike , g r o w t h of p o p u l a t i o n , qua l i t y of land a c c e s s i b i l i t y , i ndus t r i a l 
d e v e l o p m e n t , c o m m e r c i a l a c t i v i t y and s e r v i c e s . T h e g r o w t h of an 
u r b a n a r ea m a n i f e s t i t se l f in d i f f e r e n t w a y s . 
C h a n g e d e t e c t i o n i n v o l v e s the m o n i t o r i n g of p h y s i c a l 
e x p a n s i o n of the u r b a n a rea w h e r e in m o r e l and c o m e s u n d e r u r b a n 
u se . T h i s m a i n l y h a p p e n s as an e x i s t i n g u r b a n a rea e n c r o a c h e s u p o n 
the s u r r o u n d i n g n o n - u r b a n a rea r a p i d l y . A n d the i n c r e a s e d u r b a n 
p o p u l a t i o n r e s u l t s in d i f f e r e n t d e n s i t y p a t t e r n s . 
Pandey, D.K. (1998) "Site Suitability Model ing using Satellite Remote Sensing and GIS for Urban 
Development in South Delhi", Unpublished Project Report, HUSAG, lIRS, DehraDun p, 3. 
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T h e p r e s s u r e of the c o n t i n u o u s l y g r o w i n g ci ty c e n t r e g r a d u a l l y 
c h a n g e s the s t r u c t u r e of s u r r o u n d i n g n e i g h b o r h o o d . T h e r a p i d i n f l u x 
of m i g r a n t s in to the city r e su l t s in ove r c r o w d i n g . T h i s has f o r c e d the 
p e o p l e to l oca t e t h e m s e l v e s away f r o m the c i ty cen t r e , r e s u l t i n g 
c o n v e r s i o n of p r i m e a g r i c u l t u r a l land in to u rban l and . The p r o c e s s of 
u r b a n g r o w t h is o f t e n so h a p h a z a r d and rap id tha t it g e n e r a l l y h i n d e r s 
the p l a n n e d d e v e l o p m e n t process^®. 
In v i e w of the a b o v e , p r e s e n t s tudy of A l i g a r h ci ty has been 
c a r r i e d out to a s s e s s the e f f i c a c y of r e m o t e s e n s i n g da ta and GIS 
t e c h n i q u e in u n d e r s t a n d i n g the u r b a n g r o w t h p r o f i l e or the s p r a w l of 
A l i g a r h . T h e d a t a b a s e g e n e r a t i o n fo r c h a n g e d e t e c t i o n a n a l y s i s 
i n c l u d e : 
• P r e p a r a t i o n of land use / land c o v e r m a p s of d i f f e r e n t t ime 
p e r i o d . 
• P r e p a r a t i o n of u r b a n s p r a w l m a p and s i n g l e t h e m e d i f f e r e n t 
land c a t e g o r y m a p s s h o w i n g c h a n g e ove r d i f f e r e n t t ime p e r i o d . 
The f o l l o w i n g land use / land c o v e r m a p s of A l i g a r h ci ty h a v e 
b e e n p r e p a r e d u s i n g SOI t o p o g r a p h i c a l m a p and s a t e l l i t e i m a g e s : 
• L a n d u s e / L a n d c o v e r m a p of 1971. 
Source: SOI t o p o g r a p h i c a l m a p of 1971 on 1 : 5 0 , 0 0 0 s c a l e . Shee t N o 
5 4 1 / 1 . 
• L a n d u s e / l a n d c o v e r m a p of 1989. 
Source: S P O T ( P L A ) g e o c o d e d , s c e n e a c q u i r e d in A p r i l 7, 1989 on 
1 : 5 0 , 0 0 0 s ca l e . 
Prabhakar, Madhukar , (1995) " Land use Land cover Mapping of Jammu city and its environs using 
Satellite Data and GIS Techniques" (Part II _ Identification and selections of New location for 
Development of Residential Areas in Jammu using Satellite data and GIS) Unpubl ished Project Report, 
HUSAG, IIRS, Dehra Dun, p.7-8. 
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• L a n d u s e / land cove r s map of 1998. 
Source: I R S - I C ( P A N ) g e o c o d e d , s c e n e a c q u i r e d on O c t o b e r 25, 1997 
on 1 : 5 0 , 0 0 0 sca le (wh ich was u p d a t e d by g r o u n d t r u t h i n g to p r o d u c e 
l a n d u s e / l a n d cove r map of 1998) . 
• L a n d u s e / L a n d cove r map of 2 0 0 0 . 
Source: M e r g e d image of I R S - I C ( P A N ) F e b r u a r y 1998 and IRS- ID 
( L I S S - I I I ) g e o c o d e d , s cene a c q u i r e d on M a r c h 1 4 , 2 0 0 0 . 
T h e s e m a p s w e r e d i g i t i z e d u s i n g G I S N I C s o f t w a r e , e d i t i n g and 
t o p o l o g y c r e a t i o n was done in A r c / I n f o and f i n a l m a p s w e r e 
p r e p a r e d . 
T h e g e n e r a t i o n of u rban sp rawl m a p of the s t u d y a rea i n c l u d e s 
the f o l l o w i n g s t eps : 
i) G e n e r a t i o n of land use m a p s fo r d i f f e r e n t t i m e p e r i o d s . 
ii) E x t r a c t i o n of bui l t up a rea f r o m the a b o v e land u s e / land cove r 
m a p s fo r each t ime p e r i o d . 
i i i ) I n c o r p o r a t i o n of a d e c i s i o n ru l e to d e r i v e the s p r a w l m a p in 
GIS e n v i r o n m e n t . 
F o l l o w i n g m a p s w e r e p r e p a r e d to be a w a r e of the t r end and 
d i r e c t i o n of g r o w t h of the c i ty: 
F o u r t ime se r i e s m a p s s h o w i n g d i s t r i b u t i o n of bu i l t up area 
f r o m 1 9 7 1 - 2 0 0 0 
F o u r t i m e se r i e s m a p s s h o w i n g d i s t r i b u t i o n of A g r i c u l t u r a l land 
f r o m 1 9 7 1 - 2 0 0 0 . 
• D i s t r i b u t i o n of F o r e s t l and f r o m 1 9 7 1 - 2 0 0 0 . 
• D i s t r i b u t i o n of w a s t e l and in A l i g a r h City r e g i o n f r o m 1971-
2 0 0 0 . 
Fo r the p u r p o s e , to s tudy exac t u r b a n s p r a w l in the ci ty f o r the 
g iven t i m e se r i e s , t he b u i l t u p and n o n - b u i l t up a r e a s w e r e c a l c u l a t e d . 
In o r d e r to a c h i e v e th is o b j e c t i v e , a r ea s l ike r e s i d e n t i a l , r e c r e a t i o n a l . 
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e d u c a t i o n a l , i ndus t r i a l e tc . w e r e g r o u p e d in to s i n g l e c l a s s ca l led bui l t 
up a r e a and all the res t of the land use / land c o v e r c a t e g o r i e s w e r e 
g r o u p e d t o g e t h e r as n o n - b u i l t up. A r e a s in k i l o m e t e r a l o n g wi th the 
p e r c e n t a g e w a s c a l c u l a t e d for the f o u r t i m e se r ies map 
( 1 9 7 1 , 1 9 8 9 , 1 9 9 8 and 2 0 0 0 ) and s h o w n s e p a r a t e l y in the fo rm of 
t a b l e s and the i r r e s p e c t i v e m a p s in c h a p t e r VI I . 
II S I T E S U I T A B I L I T Y A N A L Y S I S T H R O U G H G I S 
S u i t a b i l i t y m e a n s the f e a s i b i l i t y of the a c t u a l l and or a d e f i n e d 
use . D i f f e r e n c e in the d e g r e e of s u i t a b i l i t y are d e t e r m i n e d by the 
r e l a t i o n s h i p a s s o c i a t e d wi th the use of a s p e c i f i c t r ac t . Land use 
s u i t a b i l i t y is d e f i n e d as a c u l t u r a l f e a t u r e or a p o l i c y m a t t e r , wh ich 
e n a b l e s an i n d i c a t i o n of p r e f e r e n c e tha t a p a r t i c u l a r r e s o u r c e or area 
s u p p o r t s v a r i o u s ac t i v i t i e s . W h e n p r o p e r l y a p p l i e d , su i t ab i l i t y 
a n a l y s i s m e e t s i m p o r t a n t p l a n n i n g o b j e c t i v e , w h i c h i nc lude 
c o n s i d e r a t i o n of c o n s e q u e n c e s r e s u l t i n g f r o m a p p l i c a t i o n of the 
s p e c i f i e d a l t e r n a t i v e s that r e q u i r e e v a l u a t i o n of t h e e c o n o m i c , soc ia l 
and p o l i t i c a l t r e n d for land use d e v e l o p m e n t ^ ' . 
T h e p u r p o s e of su i t ab i l i t y a n a l y s i s is to d e l i n e a t e the r e l a t i ve 
s u i t a b i l i t y of each loca t ion in the p l a n n i n g j u r i s d i c t i o n fo r v a r i o u s 
t y p e s of u r b a n d e v e l o p m e n t and s u b s e q u e n t u r b a n a c t i v i t i e s ba sed on 
t h e e n v i r o n m e n t a l i m p l i c a t i o n of t h e i r o c c u r r e n c e in c o n j u n c t i o n wi th 
the e n v i r o n m e n t a l c h a r a c t e r i s t i c s e x i s t i n g at t he l o c a t i o n . T h e cen t ra l 
a s s u m p t i o n is tha t a l o c a t i o n ' s n a t u r a l e n v i r o n m e n t a l c h a r a c t e r i s t i c s 
r e n d e r the s i te a n u m b e r of s u i t a b l e p o t e n t i a l s f o r s e v e r a l land uses . 
T h e m o s t s u i t a b l e use w o u l d be a c c o r d i n g to t h e m a n a g e m e n t 
" Sharma, Kishori Lai, (1993) "An Inventory of Vacant Land and Suitability for Urban Development of 
Saharanpur City (using Remote Sensing and GIS techniques" Unpubl ished Project Report, HUSAG, IIRS 
Dehra Dun, p. 9-10 (Part 1). 
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e f f i c i e n c y and p l a n n i n g i m p e r a t i v e s in the i m m e d i a t e c i ty r e g i o n . 
T h a t is , t h e l oca t i on may not be m i n i m a l l y a c c e p t a b l e f o r any g iven 
u r b a n use . It is a l so p o s s i b l e to i n t e rp re t e n v i r o n m e n t da ta to 
d e t e r m i n e such su i t ab i l i t y based on s p e c i f i c e n v i r o n m e n t and o the r 
o b j e c t i v e s , s t a n d a r d and des ign p r i n c i p l e s . T h e r e s u l t of a su i t ab i l i t y 
a n a l y s i s is e x p r e s s e d in a set of m a p s s h o w i n g v a r y i n g d e g r e e of 
s u i t a b i l i t y of each l oca t i on fo r one or m o r e l and u s e s and ba sed on 
one or m o r e e n v i r o n m e n t a l c o n s i d e r a t i o n s . T h e s e m a p s are used as 
i n p u t s to t h e land use des ign p r o c e s s and they he lp to s u g g e s t m o r e 
o p t i m a l s p a t i a l a l l o c a t i o n s of f u t u r e land use fo r u r b a n a c t i v i t i e s and 
o p e n s p a c e . They can a lso be used for g u i d a n c e s y s t e m d e s i g n , 
s u g g e s t i n g a r ea s w h e r e land use con t ro l and p u b l i c i n v e s t m e n t s mus t 
a c c o u n t f o r p a r t i c u l a r e n v i r o n m e n t a l v u l n e r a b i l i t i e s and h a z a r d s . 
S u i t a b i l i t y m a p s may even b e c o m e an i n t e g r a l p a r t o f a d o p t e d land 
use c o n t r o l s . T h e r e are na tu r a l a reas , w h i c h a r e p a r t i c u l a r l y 
v u l n e r a b l e to u r b a n uses or c o n s t i t u t e a s i g n i f i c a n t h a z a r d to l i f e and 
p r o p e r t i e s . C o m m o n e x a m p l e s are w e t l a n d s , f l o o d p l a i n s , u n s t a b l e 
s h o r e l i n e s , h i s t o r i c s i tes , w a s t e l a n d etc . In the m o s t c r i t i c a l of these 
a r e a s , u r b a n u se s s h o u l d not be a l l o c a t e d in t h e l and use des ign or 
a l l o w e d by the g u i d a n c e system^^. 
T h e p r e s e n t s tudy is d e s i g n e d to ca r ry ou t s i t e su i t ab i l i t y 
a n a l y s i s f o r the f u t u r e e x p a n s i o n of the A l i g a r h C i t y . It is we l l 
k n o w n tha t o p t i m u m u t i l i s a t i on of l and by h u m a n b e i n g s l e a d s to h is 
s u r v i v a l , p r o g r e s s and s u s t a i n a b l e d e v e l o p m e n t of t h e r e g i o n . E v e n 
t h o u g h , I n d i a is p o s s e s s e d wi th f e r t i l i t y and r e s o u r c e s , t h e s e 
r e s o u r c e s a re l e f t out v a c a n t u n a t t e n d e d and s o m e t i m e s a l l o c a t e d in a 
Rahman, Md. Muj ibor (1999) "Site Suitability Analysis for Satellite Town of Chandigarh using CIS: A 
case study of Maji i Block, Punjab", Unpublished Project Report, HUSAG, IIRS, DehraDun p, 12. 
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d i s u t i l i s e d m a n n e r . This c a u s e s the e c o n o m i c d e t e r i o r a t i o n as it 
c i r c u m s c r i b e s the coun t ry . K e e p i n g in v i e w all t h e s e f ac t s , it is 
c o n t e m p l a t e d to m a k e use of r e m o t e s e n s i n g and GIS t e c h n i q u e s 
w h i c h are n o w - a - d a y s i n c r e a s i n g l y pu t in to use f o r v i r t u a l l y all u rban 
and e n v i r o n m e n t a l ana lys i s . 
S I T E S U I T A B I L I T Y D E T E R M I N A T I O N 
T h e s e l ec t i on of a s u i t a b l e s i te is a p r o c e s s of e v a l u a t i n g a 
p h y s i c a l and p r e v i o u s l y cu l tu r a l s p a c e tha t wi l l s u p p o r t human 
a c t i v i t i e s . It is i nhe ren t ly m u l t i - d i m e n s i o n a l in n a t u r e and r e q u i r e s 
k n o w l e d g e of phys i ca l c o n d i t i o n s , e x i s t i n g l and u s e and leve ls of 
h u m a n i n t e r f e r e n c e in an a rea . T h e s u i t a b i l i t y a n a l y s i s for the 
p h y s i c a l e x t e n s i o n of e x i s t i n g u r b a n l a n d s and i d e n t i f y i n g a reas wi th 
p o t e n t i a l fo r f u t u r e d e v e l o p m e n t are m o r e s p e c i f i c a l l y o r i en t ed 
t o w a r d s the su i t ab i l i t y of w a s t e l and and v a c a n t l and to be c o n v e r t e d 
to r e s i d e n t i a l use^^ 
For any su i t ab i l i t y a n a l y s i s a p p r o p r i a t e da ta b a s e is r e q u i r e d 
( g e n e r a l l y s a t e l l i t e or air p h o t o , t o p o g r a p h i c and t h e m a t i c m a p s ) for 
w h i c h s p e c i f i c maps are d e r i v e d . T h e d i f f e r e n t land qua l i ty 
c o n s i d e r e d fo r su i t ab i l i t y m o d e l i n g in the s tudy a re e x i s t i n g l anduse / 
l and c o v e r , soi l dep th , types and t e x t u r e , h y d r o g e o m o r p h o l o g y or 
g r o u n d w a t e r a v a i l a b i l i t y and p r o x i m i t y to r o a d n e t w o r k . The 
t h e m a t i c m a p s w e r e p r e p a r e d u s i n g S P O T ( P L A & M L A ) I R S - I C 
P A N da ta in c o n j u n c t i o n w i th c o l l e t e r a l da t a , t o p o g r a p h i c map and 
w i t h l im i t ed f i e ld c h e c k s . 
The u r b a n s i te s u i t a b i l i t y f o r s e l e c t i o n of v a c a n t l and , w h i c h is 
p o t e n t i a l to d e v e l o p as r e s i d e n t i a l a r ea , i n s t i t u t i o n a l and o ther 
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p u r p o s e w a s ca r r i ed out in the f o l l o w i n g s t a g e s : 
i. A s s u m p t i o n made for the ana ly s i s . 
ii. S e l e c t i o n of phys i ca l p a r a m e t e r s and g e n e r a t i o n of s p e c i f i c 
m a p s . 
ii i . G e o g r a p h i c i n f o r m a t i o n sys t em a p p l i c a t i o n in the ana lys i s . 
iv. S u i t a b i l i t y w e i g h t a g e and s c o r i n g 
V. S u i t a b i l i t y o r d e r s / m o d e l i n g 
vi . S i t e s u i t a b i l i t y . 
i. A S S U M P T I O N M A D E F O R A N A L Y S I S 
U n d e v l o p e d land, f a l l o w , v a c a n t and w a s t e l a n d e x c l u d i n g 
e x i s t i n g b u i l t - u p lands w e r e t aken in to a c c o u n t . D i f f e r e n t vacan t land 
s i t e s of v a r i o u s s izes w e r e i d e n t i f i e d and v a c a n t l and m o r e than 1 
h e c t a r e in e x t e n t w a s s e l ec t ed for s u i t a b i l i t y a n a l y s i s . 
ii . S E L E C T I O N O F P H Y S I C A L P A R A M E T E R S A N D 
P R E P A R A T I O N OF S P E C I F I C M A P S 
T h e s tudy area c o v e r s A l i g a r h Ci ty and its e n v i r o n s . The u r b a n 
l a n d d e v e l o p m e n t p lan is d e r i v e d by the c h a r a c t e r i s t i c s of v a r i o u s 
l a n d i n p u t s . T h u s p r e p a r a t i o n of u r b a n land d e v e l o p m e n t map is 
i m p o r t a n t in u r b a n land su i t ab i l i t y a n a l y s i s . T h e f o l l o w i n g p h y s i c a l 
p a r a m e t e r s w e r e c o n s i d e r e d in s u i t a b i l i t y a n a l y s i s : 
1. G r o u n d w a t e r p o t e n t i a l z o n e s ( H y d r o g e o m o r p h l o g y ) 
2. Soi l 
3. A c c e s s i b i l i t y ( road n e t w o r k ) 
4. E x i s t i n g i a n d u s e / land cove r 
D i f f e r e n t s p e c i f i c or a spec t m a p s a re u s u a l l y d e r i v e d f r o m the 
" Prabhakar , Madhukar (1995) op.cit., p. 5. 
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o r i g i n a l t h e m a t i c maps and are p r o f e s s i o n a l t r a n s l a t i o n of base da ta 
in to c u s t o m i s e d c a t e g o r i e s d e p i c t i n g s p e c i f i c p r o p e r t i e s . T h e aspec t 
m a p s l ike land use , h y d r o g e o m o r p h o l g o y , soi l and road n e t w o r k are 
u sed in the in i t ia l s t age of mode l d e v e l o p m e n t as t h e s e a spec t s are 
i m p o r t a n t p h y s i c a l f a c t o r s c o n t r o l l i n g the u r b a n d e v e l o p m e n t 
p r o c e s s . T h e de t a i l s of t he se t h e m a t i c m a p s are as f o l l o w s : 
1. H y d r o g e o n i o r p h o l o g i c a l M a p 
I n f o r m a t i o n on l a n d f o r m s and s l o p e a n a l y s i s is an i m p o r t a n t 
i n p u t fo r land m a n a g e m e n t , soil m a p p i n g and i d e n t i f i c a t i o n of 
p o t e n t i a l z o n e s of g r o u n d w a t e r o c c u r r e n c e . T h e a spec t s of 
m o r p h o l o g y , m o r p h o g e n e s i s and m o r p h o m e t r y are v i t a l inpu t s in 
p r e p a r a t i o n of g e o m o r p h i c m a p s . A p a r t f r o m the land fo rm 
c h a r a c t e r i s t i c s , the g e o l o g i c a l i n f o r m a t i o n l ike l i t h o l o g y , rock types 
and s t r u c t u r e s a l so p lay an i m p o r t a n t r o l e in i d e n t i f y i n g the g r o u n d 
w a t e r p o t e n t i a l z o n e s for u r b a n s u s t e n a n c e and d e v e l o p m e n t . 
H y d r o g e o l o g i c a l m a p s are e s s e n t i a l as b a s e f o r p l a n n i n g and 
e x i s t i n g g r o u n d w a t e r e x p l o r a t i o n v e n t u r e s fo r d e v e l o p m e n t . 
H y d r o g e o m o r p h o l o g y map p e r t a i n i n g to d r a i n a g e d e p i c t s i m p o r t a n t 
g e o m o r p h o l o g i c un i t s , l and f o r m s and f l o o d - s u s c e p t i b l e z o n e s as wel l 
as t h e u n d e r l y i n g g e o l o g y ( l i t h o l o g y m a t e r i a l and s t r u c t u r e ) v i s a - a -
v is g r o u n d w a t e r o c c u r r e n c e and c o n d i t i o n s e x p e c t e d t h e r e i n . 
G r o u n d w a t e r is an i m p o r t a n t r e s o u r c e f o r u r b a n e x i s t e n c e and 
g r o w t h . S t u d i e s in w a t e r r e s o u r c e s and h y d r o l o g y of an area have 
b e c o m e m u c h eas i e r w i th the he lp of r e m o t e s e n s i n g da ta . As an 
a t t e m p t to e v a l u a t e h y d r o g e o l o g y and g r o u n d w a t e r p r o s p e c t s z o n e s 
of A l i g a r h ci ty and its e n v i r o n s , h y d r o g e o m o r p h i c m a p of the a rea 
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w a s p r e p a r e d t h r o u g h v i sua l i n t e r p r e t a t i o n of S P O T FCC ( b a n d s 
1 ,2 ,3) of 1989 on 1 :50 ,000 sca l e . O v e r a l l t h r ee main 
h y d r o g e o m o r p h i c uni ts w e r e i d e n t i f i e d for g r o u n d wa te r p r o s p e c t s . 
( F i g u r e N o . 5 . 2 ) . T h e s e un i t s w e r e d e l i n e a t e d on the bas i s of image 
c h a r a c t e r i s t i c s . De t a i l s of t h e s e un i t s are g i v e n in the f o l l o w i n g 
t a b l e : 
T A B L E 5.1 . 
H Y D R O G E O M O R P H I C U N I T S S H O W I N G G R O U N D W A T E R 
P R O S P E C T S 
S. No ! GEOMORPHIC 
UNITS 
LITHOSTRATIGRAPHY DESCRIPTION GROUND 
WATER 
PROSPECTS 
1. Older Alluvial 
Plain ! 
Yellow and gray colour 
silt with admixture of 
sand and clay with 
kankar beds 
Flood plain of 
North flowing 
Palaeo-drainage, 
characterised by 
palaeo-channels 
and saline soil 
developments 
Excellent to ] 1 ' 
very good 
1 
2. Palaeo-
Channels 
Alluvium, silty loam, silt, 
fine sand and clay 
admixture 
Flat, locally 
depressed, regular 
pattern of 
agricultural fields 
Good to 
rncTderate 
J. Meander scars 
1 
Alluvium comprising silt, 
clay and sandy loam 
Defined by 
curvilinear pattern 
and true contrast 
Good 
2. Soi l 
The k n o w l e d g e of soi l is ve ry e s s e n t i a l s f o r any k ind of 
p l a n n i n g f o r a l o a d - b e a r i n g c o n s t r u c t i o n p u r p o s e . In t h e con t ex t of 
land u s e p l a n n i n g capac i t y or s t r e n g t h ( the a b i l i t y to s u p p o r t w e i g h t ) , 
e r o d i b i l i t y as s t ab i l i ty ( the s u s c e p t i b i l i t y to e r o s i o n and f a i l u r e in 
s l o p i n g t e r r a i n ) and d r a i n a g e ( the c a p a c i t y to r e c e i v e and t r a n s m i t 
w a t e r ) are i m p o r t a n t a s p e c t s of so i l i n v e s t i g a t i o n f o r u r b a n p l a n n i n g . 
0 . 
< 
< o 
o 
S o 
Q . 
QC 
O 
S o 
LU 
o 
O 
CC 
Q 
> -
I 
CC < 
o 
•D c 
CD 
D3 
(U 
C 
CL 
0- 1 
• y -
„ 3 < CD 
^ < ^ £ 
•ti 5 
^ 2 o 5 
O w 1 
fe I 
= CO Co 
^ < > D-
in 
I 
I 
I 
Q 
S 
d 
Q 
CO 
o 
CO 
QC 
a 00 
oi 
I-: 
o 
o 
I -
i 
230 
T h e s e c h a r a c t e r i s t i c s of the soi l are d e t e r m i n e d by the p a r t i c l e 
c o m p o s i t i o n (soi l t e x t u r e ) and the a m o u n t of w a t e r p r e s e n t in it. For 
e x a m p l e , p o o r l y d ra ined f i ne g r a i n e d o r g a n i c so i l s are least f a v o r a b l e 
t y p e fo r u r b a n and s u b - u r b a n land uses . On the o the r h a n d , c o a r s e 
g r a i n e d so i l s e n h a n c e d r a i n a g e and w a t e r b e a r i n g capac i t y and 
s u p p o r t the d e v e l o p m e n t of r e s i d e n t i a l t y p e s of land uses.^' ' 
The e v o l u t i o n of the so i l s in A l i g a r h d i s t r i c t w a s c o n t r o l l e d by 
the s e d i m e n t a t i o n pa t t e rn and f i n e l y v a r y i n g l a n d s c a p e e v o l u t i o n 
d u r i n g q u a t e r n a r y p e r i o d . T h e s e c o m p r i s e the f o l l o w i n g meso 
r e g i o n s . 
i. The c e n t r a l par t of the d i s t r i c t has p a l a e o - d r a i n a g e , w h i c h 
e m e r g e d f r o m the B u n d e l k h a n d u p l a n d s and d r a i n e d the cen t ra l 
d e p r e s s i o n of the G a n g a - Y a m u n a D o a b ; 
ii. The a rea in the w e s t e r n pa r t of the d i s t r i c t has s t a b i l i s e d sand 
d u n e s , w h i c h g e o m o r p h o l o g i c a l l y r e p r e s e n t s E a s t e r n F r o n t i e r or 
the Semi Ar id Z o n e of T h a r D e s e r t . 
i i i . The a r ea in the v i c i n i t y of the G a n g a cana l is w a t e r l o g g e d , and 
iv. The a rea w i th s h a l l o w w a t e r - t a b l e e x h i b i t s d e v e l o p m e n t of 
s a l i n e so i l s or reh deposits^^. 
The so i l s of A l i g a r h Ci ty h a v e b e e n d i v i d e d in to t w o m a j o r 
c a t e g o r i e s : (1) S a l i n e - a l k a l i n e so i l s ( n o n - c u l t i v a b l e ) and (2) Sandy 
c l ayey so i l s ( c u l t i v a b l e ) , w h i c h can be seen f r o m f i g u r e 5 .3 . 
Prabhakar, Madhukar (1995) op.cit., p 5 
NIC, Planning Commission, Govt, of India, "Land System Studies: Aligarh District-Soils", Unpublished 
Report, RSACREG, AMU, Aligarh, p. 1-10. 
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T A B L E 5.2 . 
C L A S S I F I C A T I O N OF S O I L S OF A L I G A R H C I T Y 
S . N O . S O I L T Y P E S S O f L 
S E R I E S 
G E O M O R P H I C 
U N I T 
G E O L O G I C A L 
F O R M A T I O N 
1. S a l i n e -
a l k a l i n e s o i l s 
L o w L a n d s A l i g a r h O l d e r 
A l l u v i a l P l a i n 
A l i g a r h O l d e r A l l u v i a l 
F o r m a t i o n 
2 . S a n d y L o a m 
S o i l s 
U p l a n d V a r a n a s i O l d e r 
A l l u v i a ! P l a i n 
V a r a n a s i O l d e r 
A l l u v i a l F o r m a t i o n 
S o u r c e ; " L a n d S y s t e m S t u d i e s : A l i g a r h D i s t r i c t - S o i l s " , U n p u b l i s h e d R e p o r t . 
R S A C R E G , A M U , A l i g a r h . 
i. S a l i n e - A l k a l i n e Soil T r a c t s : T h e s e soi l t ype o c c u p y the 
e a s t e r n par t of the c i ty . On the b a s i s of so i l s e r i e s th i s type has 
b e e n a s s i g n e d to l o w l a n d soi l s e r i e s . D u e to p o o r d r a i n a g e , 
w a t e r l o g g i n g and p r e s e n c e of k a n k a r in sub so i l , the e x t e n s i v e 
s p r e a d of sa l ine so i l s have been f o r m e d in th i s r e g i o n . The soil 
is grey to dark in co lou r and loam to c l ayey l o a m in t ex tu r e . 
ii. S a n d y L o a m Soi l s : Th i s type c o v e r s the l a r g e s t a rea of the 
c i ty . G e o l o g i c a l l y , it r e p r e s e n t s O l d e r A l l u v i a l f o r m a t i o n and 
g e o m o r p h o l o g i c a l l y th is soi l f o r m s t h e O l d e r A l l u v i a l p la in . On 
the bas i s of soil s e r i e s , th is t ype has b e e n a s s i g n e d to up land 
so i l . The soi l is b r o w n to r e d d i s h b r o w n in c o l o u r and is sandy 
to s andy loam in texture^' ' . 
T A B L E 5.3 . 
P H Y S I C A L C H A R A C T E R I S I T C S O F S O I L T Y P E S 
S o i l T y p e C o l o u r 
M e c h a n i c a l 
C o m p o s i t i o n ( % ) T e x t u r a l S t r u c t u re M o i s t u r e 
S a n d S i l t C l a y C l a s s ( % ) 
S a l i n e -
a l k a l i n e 
s o i l s 
G r a y 4 7 . 3 9 2 5 . 3 5 - 2 2 . 5 0 C l a y e y 
l o a m 
S p h e r o i d a l 0 . 5 8 
S a n d y 
l o a m S o i l s 
B r o w n 7 4 . 8 1 9 . 5 0 1 0 . 3 8 S a n d y 
l o a m 
S p h e r o i d a l 0 . 8 6 
S o u r c e : " L a n d S y s t e m S t u d i e s : A l i g a r h 
R S A C R E G , A M U , A l i g a r h . 
D i s t r i c t - S o i l s " , U n p u b l i s h e d R e p o r t , 
A n o n . ( 1 9 6 8 ) "So i l Survey and Soil W o r k s in Uttar P radesh" , D e p a r t m e n t of Agr icul ture , Gove rnmen t of 
Ut tar Pradesh . 
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T h e soi l da ta for A l i g a r h Ci ty has been g e n e r a t e d t h r o u g h 
p r i m a r y s u r v e y us ing r e m o t e l y s e n s e d da ta , t o g e t h e r wi th a v a i l a b l e 
i n f o r m a t i o n f r o m the s e c o n d a r y s o u r c e s . The soi l i n f o r m a t i o n map 
has been p r e p a r e d on 1 :50 ,000 sca l e u s ing S P O T F C C of 1989. 
3. A C C E S S I B I L I T Y TO M A J O R R O A D S ( R O A D N E T W O R K ) 
T r a n s p o r t a t i o n and c o m m u n i c a t i o n n e t w o r k p l a y s an i m p o r t a n t 
ro l e in the d e v e l o p m e n t of a city r e g i o n . A c c e s s i b i l i t y by roads is 
e s s e n t i a l no t only for e c o n o m i c d e v e l o p m e n t of the r e g i o n but a lso 
for soc i a l and e d u c a t i o n d e v e l o p m e n t . It is an i n d i c a t o r of the level 
of d e v e l o p m e n t and d e v e l o p m e n t in tu rn d e p e n d s on the qua l i ty of 
t r a n s p o r t n e t w o r k . The a rea wi th r e a s o n a b l y g o o d a c c e s s i b i l i t y is 
m o r e o f t e n than not g iven a p r io r i t y in d e v e l o p m e n t of a c i ty in o rde r 
to s a v e a d d i t i o n a l i n f r a s t r u c t u r a l cos t . A c c e s s i b i l i t y of a r eg ion , 
w h i c h is d e t e r m i n e d by the p r o x i m i t y to the ma in and m a j o r roads is 
one of the mos t i m p o r t a n t a t t r i b u t e s tha t p r o m o t e s the d e v e l o p m e n t 
of t ha t r e g i o n . The a c c e s s of t e r r a i n to p r i n c i p a l p o i n t s of m a j o r 
n e t w o r k , i n f l u e n c e its s u c c e s s as a p o s s i b l e s i t e f o r r e s i d e n t i a l 
p u r p o s e . 
It is o b s e r v e d tha t the a reas c l o s e to the m a j o r t r a n s p o r t r ou t e s 
are m o r e c o n d u c i v e to d e v e l o p m e n t t han the a r e a s , w h i c h are away 
f r o m the r o a d . H e n c e , f o r t h e cos t e f f e c t i v e d e v e l o p m e n t , s i t e s w i t h i n 
s u i t a b l e d i s t a n c e f r o m the m a j o r r o a d a re i dea l . D i s t a n c e - d e c a y law 
in g e o g r a p h i c a l a l l o c a t i o n , d i s t r i b u t i o n and d e n s i t y of i n f r a s t r u c t u r e 
f a c i l i t i e s is an i m m o r t a l d e t e r m i n a n t of d e v e l o p m e n t . 
The e x i s t i n g r o a d n e t w o r k of A l i g a r h is b a s i c a l l y of r ad ia l 
p a t t e r n w i t h e igh t r a d i a l m a j o r roads c o n v e r g i n g to the c i ty f r o m 
d i f f e r e n t d i r e c t i o n s . In the p r e s e n t s tudy , t h e m a j o r road n e t w o r k m a p 
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has been p r e p a r e d by v i sua l i n t e r p r e t a t i o n of SOI t o p o g r a p h i c a l map 
of 1971 on 1 :5 ,000 sca le and u p d a t i o n has been d o n e f r o m I R S - I C 
( P A N ) i m a g e of 1997 and by f i e ld c h e c k . The a c c e s s i b i l i t y to m a j o r 
roads can be seen in f i g u r e 5.4. 
4 . L A N D U S E / L A N D C O V E R M A P 
O n e of the bas ic r e q u i r e m e n t s , of u r b a n p l a n n i n g is the 
i n f o r m a t i o n on v a r i o u s land uses and the i r p a t t e r n of c h a n g e . Th i s 
a r r ay of i n f o r m a t i o n n e e d s to be c a t e g o r i s e d , a r r a n g e d and g r o u p e d 
u n d e r a s u i t a b l e f r a m e w o r k , w h i c h wi l l f a c i l i t a t e s y s t e m a t i c and 
u n i f o r m land use su rvey . T h e e x i s t i n g l a n d u s e p a t t e r n s of the ci ty 
r e f l e c t s h o w the v a r i o u s p h y s i c a l , soc i a l , e c o n o m i c and o the r f a c t o r s 
h a v e i n t e g r a t e d in the pas t in c r e a t i n g a c u l t u r a l l a n d s c a p e in h i s to ry , 
w h i c h sha l l be an e s sen t i a l c o n s i d e r a t i o n fo r f u t u r e p l a n n i n g . The 
s t u d y c a n n o t be l imi t ed to the ci ty e x t e n t a l o n e as i n f o r m a t i o n 
b e y o n d the u r b a n l imit he lps in p l a n n i n g and d e v e l o p m e n t for the 
f u t u r e g r o w t h of the u r b a n a rea . L a n d use p l a n n i n g is usua l ly 
g o v e r n e d by the p u r p o s e fo r w h i c h the t o w n s h i p is d e v e l o p e d . Bas i c 
da t a a b o u t t e r r a i n , so i l , w a t e r and o the r p h y s i c a l f a c t o r s are 
c o n t i n u o u s l y r e q u i r e d by u r b a n p l a n n e r s . In th i s c o n t e x t a 
c o m p r e h e n s i v e da ta and land u s e i n v e n t o r y is n e c e s s a r y . 
Al l l and d e e m e d s u i t a b l e for r e s i d e n t i a l p u r p o s e , n a m e l y v a c a n t 
l and , s c r u b l and , a g r i c u l t u r a l land and the p l a n t a t i o n a r ea s h a v e been 
c o n s i d e r e d he re . A g r i c u l t u r a l land is no t g i v e n any p r e f e r e n c e . Th i s 
is so b e c a u s e g o o d f e r t i l e a g r i c u l t u r a l l and s h o u l d n o t n o r m a l l y be 
used fo r b u i l d i n g p u r p o s e . M o r e o v e r , g o o d a g r i c u l t u r a l land are not 
only h a v i n g f e r t i l e so i l s but they are a c u l t u r a l a s s e t s and h e r i t a g e as 
w e l l . H o w e v e r , s c rub land is of i m p o r t a n c e , e s p e c i a l l y s i nce it w a s 
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f o u n d to c o v e r a la rge a rea . V a c a n t land is a l so c o n s i d e r e d as very 
i m p o r t a n t fo r the p u r p o s e of u rban s i te s u i t a b i l i t y but is f o u n d to 
c o m p r i s e a smal l a rea in the f r i n g e or i m m e d i a t e c i ty r eg ion in this 
c a s e . E x i s t i n g bui l t up land is not c o n s i d e r e d b e c a u s e of o b v i o u s 
r e a s o n s . T h e l a n d u s e l a n d c o v e r map of the yea r 2 0 0 0 can be seen 
f r o m c h a p t e r VI I . 
i i i . S U I T A B I L I T Y W E I G H T A G E A N D S C O R I N G 
A l l the f o u r a spec t m a p s h a v e been g iven w e i g h t a g e and sco res 
in o r d e r of i m p o r t a n c e for su i t ab l e s i te s e l e c t i o n . T h e w e i g h t is 
c a l c u l a t e d by d i v i d i n g 100 by the n u m b e r of p a r a m e t e r s used in the 
o v e r l a y . T h i s is so b e c a u s e su i t ab i l i t y of land is d e p e n d e n t on a 
n u m b e r of p a r a m e t e r s , and it does not h a p p e n tha t al l t he p a r a m e t e r s 
a re of equa l i m p o r t a n c e . The w e i g h t and s co re d e f i n e the r e l a t i v e 
i m p o r t a n c e of a p a r a m e t e r . For e x a m p l e , if r oad is a m o r e i m p o r t a n t 
c o n s i d e r a t i o n than so i l , the w e i g h t a g e a s s i g n e d to t h e road a s p e c t 
s h o u l d be h i g h e r t han the w e i g h t a g e and s c o r e s a s s i g n e d to so i l . The 
w e i g h t a g e can be of any n o n - n e g a t i v e n u m b e r v a l u e . W h i l e in s c o r i n g 
s y s t e m -1 n u m b e r has been a s s i g n e d to the p a r a m e t e r w h i c h is 
u n s u i t a b l e or s h o u l d be a v o i d e d fo r f u t u r e d e v e l o p m e n t of the a rea . 
E a c h c l a s s has b e e n a s s i g n e d a p r o p e r s u i t a b i l i t y s c o r e . The v a l u e 
r a n g e f r o m -1 to 5 ( c o r r e s p o n d i n g l y f r o m u n s u i t a b l e to h igh ly 
s u i t a b l e ) has b e e n a s s i g n e d . A d e f a u l t of 0 fo r e v e r y c l a s s s co re is 
a s s i g n e d to each a spec t m a p c lass . E a c h c l a s s has i ts o w n sco re and 
can be any p o s i t i v e or n e g a t i v e n u m b e r d e p e n d i n g u p o n its su i t ab i l i t y 
f o r f u t u r e s i t e or l ack t h e r e o f . The n u m b e r of s c o r e s and the s co re 
v a l u e s fo r the inpu t da ta layer can va ry as pe r the u s e r ' s n e e d . 
Al l t he f o u r su i t ab i l i t y m a p s w e r e c o m b i n e d in to a c o m p o s i t e 
s u i t a b i l i t y m a p by s i m p l e a d d i t i o n of the s u i t a b i l i t y s c o r e s w i th the 
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w e i g h t a g e s y s t e m . It mus t be r e a l i s e d t ha t t h e c h o i c e o f a w e i g h t is 
m o s t i m p o r t a n t , as it has a g r e a t e f f e c t t h r o u g h m u l t i p l i c a t i o n of the 
s c o r e s . T h e a d o p t e d w e i g h t a g e and s c o r e s y s t e m f o r the s t udy a r ea 
h a s b e e n g i v e n in A p p e n d i x - E . 
iv. S U I T A B I L I T Y O R D E R S / C L A S S E S 
T h e land s u i t a b i l i t y c l a s s e s r e f l e c t d e g r e e o f s u i t a b i l i t y . T h e 
d e g r e e of s u i t a b i l i t y of d i f f e r e n t l a n d s is d e t e r m i n e d by u s i n g 
s u i t a b i l i t y o r d e r s " S u i t a b l e " (S) and " N o t S u i t a b l e " ( N S ) . 
T h e l a n d s w h i c h c o m e u n d e r s u i t a b l e o r d e r a r e s u c h l a n d s on 
w h i c h s u s t a i n e d use of the k i n d u n d e r c o n s i d e r a t i o n is e x p e c t e d to 
y i e l d b e n e f i t s , w h i c h j u s t i f y the i n p u t s , w i t h o u t u n a c c e p t a b l e r i sk of 
d a m a g e o f l and r e s o u r c e . T h e s u i t a b i l i t y o r d e r is f u r t h e r d i v i d e d in to 
t h r e e l e v e l s i . e . , S i , S2 and S3. 
Al l t h e s e v e n s u i t a b i l i t y c l a s s e s , w h i c h c o m e o u t a f t e r a p p l y i n g 
w e i g h t a g e a n d s c o r i n g s y s t e m , h a v e b e e n p u t u n d e r t h r e e h e a d s as 
f o l l o w s : 
S. No. Sui tabi l i ty Classes O r d e r 
1. 
' 2. 
J. 
Excel len t 
Very Good 
Good 
High ly Su i t ab l e (S , ) 
4. Modera te M o d e r a t e l y Su i tab le (S2) 
5. 
6. 
Poor 
Very Poor 
Marg ina l l y Su i t ab le (S3) 
7. Not Recommended Not Su i t ab l e (NS) 
a. H i g h l y S u i t a b l e ( S i ) : L a n d h a v i n g no s i g n i f i c a n t l i m i t a t i o n s to 
s u s t a i n e d a p p l i c a t i o n f o r a p r o p o s e d u s e , or o n l y m i n o r or 
i n s i g n i f i c a n t l i m i t a t i o n s t ha t w i l l n o t r a i s e i n p u t s a b o v e an 
a c c e p t a b l e l eve l . In o t h e r w o r d s , l a n d on w h i c h ( s u s t a i n e d ) use 
f o r t h e d e f i n e d p u r p o s e in t h e d e f i n e d m a n n e r is e x p e c t e d to 
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b e n e f i t e .g . r e s i d e n t i a l , i n d u s t r i a l , i n s t i t u t i o n a l and r e c r e a t i o n a l 
tha t wi l l j u s t i f y r e q u i r e d r e c u r r e n t use w i t h o u t u n a c c e p t a b l e 
r i sk to land r e s o u r c e on the s i te or in a d j a c e n t area^^ 
b. M o d e r a t e l y S u i t a b l e (S2): L a n d h a v i n g l i m i t a t i o n , wh ich in 
a g g r e g a t e are m o d e r a t e for s u s t a i n e d a p p l i c a t i o n of a g iven use , 
t he l i m i t a t i o n s wil l r e d u c e p r o d u c t i v i t y or b e n e f i t s but wi l l 
r e q u i r e i n c r e a s e d inpu t s to the e x t e n t tha t the o v e r a l l a d v a n t a g e 
to be g a i n e d f r o m the use , is h i g h e r than the loss . A l t h o u g h 
a t t r a c t i v e , it wil l be i n f e r i o r to tha t e x p e c t e d on c l a s s S| land . 
c. M a r g i n a l l y S u i t a b l e (S3): L a n d h a v i n g l i m i t a t i o n s w h i c h in 
a g g r e g a t e are s eve re for s u s t a i n e d a p p l i c a t i o n of a g iven use 
and wi l l do r e d u c e p r o d u c t i v i t y or b e n e f i t s , or it wou ld lead to 
s u f f i c i e n t l y i n c r e a s e d inpu t r e q u i r e m e n t , t ha t t h i s e x p e n d i t u r e 
wi l l be only m a r g i n a l l y j u s t i f i e d . 
d. Not S u i t a b l e (NS) : L a n d h a v i n g l i m i t a t i o n s w h i c h a p p e a r so 
s e v e r e as to p r e c l u d e any p o s s i b i l i t i e s of s u c c e s s f u l or 
s u s t a i n e d use of the land in the g i v e n m a n n e r or w h i c h w o u l d 
58 c r e a t e c o n s e r v a t i o n p r o b l e m . 
The s i te su i t ab i l i t y m a p has b e e n g i v e n in c h a p t e r VII w i th all 
t h e 7 su i t ab i l i t y c l a s se s . The a rea and p e r c e n t a g e of t h e area f a l l i n g 
w i t h i n a p a r t i c u l a r c lass is a l so g i v e n in a t a b u l a r f o r m . 
Sharma, Kishore Lai (1993), op.cit, p. 10. 
Bhuvansewari , B. (1998) "Management Planning for Jainmu and its Environs using Remote Sensing and 
GIS Technique", Unpublished Project Report, HUSAG, IIRS, DehraDun, p. 32-33. 
C h a p t e r - V I 
D I G I T A L C L A S S I F I C A T I O N , I M A G E F U S I O N 
A N A L Y S I S A N D A L I G A R H U R B A N S T R U C T U R E 
In this chapter image process ing t echn iques of digital 
c lass i f i ca t ion and fus ion analysis have been carr ied out using 
digi ta l images of Al igarh city and its envi rons . The resul ts of the 
digi ta l land use c lass i f ica t ion not necessar i ly tal ly wi th the resul ts 
of chapter seven. This chapter deals only with the e f f i c a c y or 
i ne f f i cacy of d i f fe ren t image process ing t echn iques employed 
here in , mainly digital land use c lass i f i ca t ion and image fus ion 
analysis . 
6.1 Digital Land use Class i f i cat ion of Al igarh city: 
It has been noted that two condi t ions have a f fec ted the 
c lass i f ica t ion accuracy of higher spatial reso lu t ion . Firs t ly , with 
higher spatial resolut ion data the percen tage of mixed character 
pixels were reduced. This cons iderab ly improved the c lass i f ica t ion 
accuracy. Secondly, with an enhanced spat ia l and spectral 
resolut ions the inter-class clar i ty as well as in t ra-c lass var iabi l i ty 
increased. This resul ted in increased separa t ion be tween the 
classes and hence led to improved c lass i f i ca t ion accurac ies . The 
f inal c lass i f ica t ion resul ts depend on how these two fac tors 
interacted at a given level. There is also an advan tage that wi th the 
increase in spatial resolut ion , spatial p roper t ies become easy to 
d iscr iminate and del ineate . In the present s tudy of Al igarh city, 
per pixel spectral c lass i f i ca t ion and post and p re -p rocess ing in 
c lass i f ica t ion have been carr ied out to test and eva lua te the extents 
of digi tal c lass i f ica t ion accurac ies for the u rban envi ronment of 
the city. 
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6.1.1 Per-Pixel Spectral (PPS) Class i f icat ion: 
Here, the extent to which per-pixel spectral c lass i f ica t ion was 
appropr ia te using d i f fe ren t a lgor i thms for I R S - I D (LISS-III ) high 
spat ia l resolut ion data of Al igarh urban env i ronment has been 
inves t iga ted . Two methods were employed to c l a s s i fy pixels into 
d i f f e r en t categories : 
(i) Unsupervised c lass i f ica t ion 
(i i) Supervised c lass i f ica t ion 
(i) Unsupervised Class i f icat ion: 
Unsupervised c lass i f ica t ion required only minimal init ial 
input f rom the user. However , the user had the task of in terpre t ing 
the c lasses that were created by the unsuperv i sed t ra in ing 
a lgor i thm. 
ERDAS Imagine (the image process ing so f twa re used in this 
study) used the ISODATA algor i thm to pe r fo rm an unsuperv ised 
c lass i f ica t ion . ISODATA stands for Interact ive Se l f -Organ iz ing 
Data analysis technique. It is ' i t e r a t i ve ' in the sense that it 
repeatedly per formed an ent i re c l a ss i f i ca t ion (output t ing a 
themat ic raster layer) and reca lcu la ted s ta t is t ics . ' S e l f - O r g a n i z i n g ' 
r e fe r s to a process in which it ident i f ied and loca ted the c lus ters 
that were inherent in the data. 
The ISODATA clus ter ing method used the min imum spectral 
d is tance formula to form clus ters . It began with e i ther arbi t rary 
cluster means or means of an exis t ing s ignature set. Each t ime the 
c lus te r ing repeated the means of the c lus ters were sh i f ted . The 
new cluster means were used for the next i te ra t ion. The ISODATA 
ut i l i ty separated the c lus ter ing of the images unt i l e i ther : 
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• A maximum number of i terat ions had been pe r fo rmed , or 
• A maximum percentage of unchanged pixels had been reached 
between two i terat ions. 
The output f i le in this case had a gray scale color scheme because 
the init ial cluster means were arbi t rary. Pseudo color opt ion had 
been used to assign respect ive colors to the c lasses . This was so 
because no s ignature set had been prepared be fo re runn ing the 
a lgor i thm. (If initial cluster means were f rom an exis t ing s ignature 
set, then the output f i le will use the colors of the s igna ture set). 
ISODATA Clustering Parameters: I S O D A T A c lus te r ing had been 
pe r fo rmed for the study area with the fo l lowing spec i f i ca t ions : 
N - the maximum number of c lusters to be cons ide red . Since each 
c lus ter is the basis for a class, this number becomes the maximum 
number of classes to be formed. The I S O D A T A process begins by 
de te rmin ing N arbi trary cluster means. Some c lus te rs wi th too few 
pixe ls were e l iminated, leaving less than N c lus ters . 
T - A convergence threshold, which is the max imum percen tage of 
p ixels whose class volumes are a l lowed to be unchanged be tween 
i tera t ions . 
M - the maximum number of i terat ions to be p e r f o r m e d . ' 
Results : 
Using ISODATA func t ion a themat ic ras te r layer had been 
created with 20 clusters and s ignature f i le . The ind iv idua l clusters 
were found homogeneous and had small s tandard dev ia t ion in each 
band. However , it was d i f f i cu l t to cor re la te these c lus ters to the 
E R D A S Field Gu ide (1977) E R D A S , Inc. At lant iac Georg ia , p. 57 & 2 2 6 . 
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actual land use classes. Most of the land use c lasses compr ised of 
4 to 5 clusters . Only two clusters gave single class values i.e., 
water and wasteland ( f igure 6.1). From the f igure we noticed that 
some part of vegetat ion has also been c lass i f ied as water body. 
Such a mishap under unsurpervised c lass i f i ca t ion is due to the 
problem that the spectral s ignatures of vegeta t ion and the water 
bodies are somet imes closely resembl ing . So, it had been observed 
that it is very d i f f i cu l t to correla te between land use c lasses and 
c lus ters f rom ISODATA. However , it can be used for iden t i fy ing 
t ra in ing pixels for d i f fe ren t spectral componen ts in a chosen 
he te rogeneous class to per form supervised c lass i f i ca t ion . 
ISODATA Clustering^ 
A d v a n t a g e s D i s a d v a n t a g e s 
C l u s t e r i n g w a s n o t g e o g r a p h i c a l l y T h e c l u s t e r i n g p r o c e s s w a s t i m e -
b i a s e d t o t h e t o p o r b o t t o m p i x e l s o f c o n s u m i n g , b e c a u s e it h a d t o be 
t h e d a t a f i l e , b e c a u s e it w a s r e p e a t e d m a n y t i m e s , 
i t e r a t i v e . 
T h i s a l g o r i t h m w a s h i g h l y s u c c e s s f u l D i d n o t a c c o u n t f o r p i x e l ' s s p a t i a l 
f o r f i n d i n g t h e s p e c t r a l c l u s t e r s , t h a t h o m o g e n e i t y . 
w e r e i n h e r e n t in t h e d a t a . It d i d n o t 
m a t t e r w h e r e t h e i n i t i a l a r b i t r a r y 
c l u s t e r m e a n s w e r e l o c a t e d , a s l o n g 
a s e n o u g h i t e r a t i o n w e r e a l l o w e d . 
A p r e l i m i n a r y t h e m a t i c r a s t e r l a y e r 
w a s c r e a t e d , w h i c h g a v e r e s u l t s 
s i m i l a r t o u s i n g a m i n i m u m d i s t a n c e 
c l a s s i f i e r o n t h e s i g n a t u r e s t h a t w e r e 
c r e a t e d . T h i s t h e m a t i c r a s t e r l a y e r 
h a d b e e n u s e d f o r a n a l y s i n g a n d 
m a n i p u l a t i n g t h e s i g n a t u r e b e f o r e 
a c t u a l c l a s s i f i c a t i o n t o o k p l a c e . 
(ii) Supervised Class i f icat ion: 
This c lass i f ica t ion required some previous knowledge of the 
image area. Here the in format ion was obta ined f r o m the base map 
(prepared f rom SOI topographica l map) guide map and the ground 
survey of the study area. As a resul t of the p rev ious land use 
2. 229 
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c lass i f i ca t ion of the study area, the number of classes and their 
s ta t is t ical character is t ics were known. The a lgor i thms need for 
superv ised c lass i f ica t ion required es t imates of certain s tat is t ical 
descr ip t ion of classes to which the pixels were to be al located. 
These est imates were derived f rom samples of pixels called 
t ra in ing samples that were extracted f rom the image to be 
c lass i f i ed . Choosing enough and represen ta t ive samples for each 
c lass was the most important step taken in the supervised 
c lass i f i ca t ion for the study area, which was success fu l ly done with 
the help of the previous knowledge of land use c lasses exis t ing in 
the city. 
Here two types of decis ion rules were used for supervised 
c lass i f i ca t ion : 
(i) Parametr ic Rule 
(ii) Non Parametr ic Rule 
(i) The Parametric rule ca lcula tes s ta t is t ics dur ing the 
c lass i f i ca t ion process . Here three d i f f e r en t pa ramet r i c a lgor i thms 
were appl ied, viz., maximum l ikel ihood, maha lanob i s d is tance and 
min imum distance. 
• Maximum Likel ihood: 
The maximum l ikel ihood decis ion rule was based on the 
probabi l i ty that a pixel be longs to a par t icu la r c lass . The basic 
equat ion assumed that these probabi l i t i es were equal for all 
c lasses , and that the input bands had normal d i s t r ibu t ion . In f igure 
6.2, I R S - I D LISS-HI digital image of the study area was c lass i f ied 
us ing maximum l ikel ihood a lgor i thm. The a l ready ident i f ied 
t ra in ing sites were given and the computer was asked to del ineate 
the other resembl ing pixels of the same ca tegor ies . Out of the 
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seven main land use classes built up and vege ta t ion classes are 
prominent . The l imitation of this decision rule was that the fal low 
land has been mixed with the built up land and most of 'the 
was te land had also fallen in the category of buil t up land. This 
was because the spectral s ignatures of the fa l low land and built up 
land have been found close and confus ing to each other . As a 
resul t of it, the extent of the built up area was exaggera ted . It 
recognized only the deep part of water bodies and the shallow 
sides had been mixed with other land use c lasses . Open fores ts had 
been correct ly c lass i f ied but some of its s igna tures could be seen 
in the Univers i ty area. This can be a t t r ibuted to the thick and 
mixed vegeta t ion cover in that area. 
• Mahalanobis Distance: 
The digital image was again c lass i f ied into seven categories 
us ing mahalanobis dis tance decis ion rule, which used the co-
var iance matrix in the, equat ion. The equa t ion in f igure 6.3 
ca lcula tes the variance and co-var iance of the p ixe ls , so that, 
c lus ters which were highly varied were led to s imi la r ly varied 
c lasses , and vice-versa . In this case, it was noted that the s ignature 
separabi l i ty has been improved in compar ison to the previous rule. 
The spectral s ignature of built up area have not been mixed with 
the fa l low land to some extent . There fo re , the spread and extent of 
built up area appears re la t ively more accura te and compact . In 
addi t ion , the l inear fea tures have also been p roper ly p icked up. 
Thus the network of major roads has also been adequate ly 
d iscr imina ted . However , the mixing of s igna ture had been reported 
in the case of bui l tup and was te land. Water bod ies are properly 
de l inea ted . 
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• Minimum Distance: 
The minimum dis tance decis ion rule (also cal led spectral 
d i s tance) calculated the spectral d is tance between the 
measurement vector for the candida te pixel and the mean vector 
for each s ignature. For this reason the land use c lasses had given 
better results in compar ison to other two decis ion rules. In f igure 
6.4 we noticed that the spectral s ignatures of the was te land and 
buil t up areas have been beau t i fu l ly d iscr iminated (separa ted) . 
However , the d i f f e rence be tween the buil t up area and the 
was te land was not proper ly d iscr iminated in f igure 6.2. The 
mixing of s ignature has been reported in the case of open forest 
with vegeta t ion only. Waste land was f ine ly de l inea ted f rom other 
ca tegor ies also. The dis t r ibut ion of fa l low land is also good. In 
this way it was found that this c lass i f i ca t ion tends to pickup the 
spect ra l s ignatures of d i f fe ren t land use ca tegor ies in a much 
bet ter way. Hence, it appears to be more use fu l . 
(ii) For Non Parametr ic s ignatures (i .e. , AOI f rom fea tures 
space) two decis ion rules had been used viz . , f ea tu re space and 
para l le lp iped . 
• Feature Space: 
This decision rule de termined whether or not a candida te pixel 
lay within the non-paramet r ic s ignature in the f ea tu re space image. 
When a p ixe l ' s data f i le values were in the fea tu re space s ignature , 
then the pixel was ass igned to that s i gna tu re ' s class . Accord ing to 
the band width appl ica t ion , with the two band combina t ion the 
fea ture space image had been prepared for a par t i cu la r class and 
the s ignature had been ass igned f rom that f ea tu re space. This can 
be viewed in f igure 6.5. The resembl ing of s igna tures had been 
repor ted again in this case. The resul ts obta ined in the map reveal 
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that the spectral s ignature of the water bodies have not been 
proper ly responded to and thus the water bodies do not clearly 
appear . The spectral s ignature of the fa l low land have been 
proper ly responded by this method. However , the s ignature of the 
f a l low land and the wasteland have not been proper ly separated, 
was te land s ignatures have got merged with the fa l low land. 
The re fo re , fa l low area appears widespread. 
• Paral le lepiped: 
In this decis ion rule, the data f i le values of the candidate 
p ixels were compared to upper and lower l imits. These limits were 
ei ther ; 
• the minimum and maximum data f i le values of each band in 
the s ignature . 
• the mean of each band, plus and minus a number of standard 
deviat ion. 
• any limits that the user spec i f ied based on his or her 
knowledge of the data and s ignatures . 
In compar ison to the fea ture space rule, in this case land use 
c lasses are more dis turbed as is evident f rom f igure 6.6. In this 
case the spectral s ignatures of the fa l low land have again been 
found resembl ing with the built up area s igna tures , there fore , a 
number of pixels of the fa l low land have got merged into the built 
up area. This c lass i f ica t ion d iscr iminates the water bodies pretty 
well . The c lass i f ica t ion also separated the was te land pixels f rom 
the fa l low land in a fa i r ly adequate measure . 
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CLASS SEPARABILITY AND A C C U R A C Y M E A S U R E M E N T 
The c lass i f ica t ion cost increases with the number of fea tures 
for c lass i f ie rs like paral le lepiped and minimum dis tance to mean, 
the cost increased linearly with fea tures . The re fo re , it was 
requi red to ensure that fea tures , which did not aid in 
d iscr imina t ion due to little cont r ibut ion to the inter class 
separabi l i ty , should be discarded since they will add to 
computa t iona l burden. In general two types of f ea tu re select ion 
schemes are avai lable; the pr incipal component analys is (PCA) 
and the separabi l i ty analysis . In the present thesis, separabi l i ty 
analys is has been used to determine , which set of band is the most 
use fu l for the d iscr iminat ion of land use c lasses . Here two 
separabi l i ty measures have been used; the T r a n s f o r m e d Divergence 
(TD) and Je f f r i e s -Matus i t a (JM). 
Both Transformed Divergence (TD) and J e f f r i e s -Ma tus i t a 
(JM) have upper and lower bound. If the ca lcula ted d ivergence is 
equal to the appropr ia te upper bounds , thus the s igna ture can be 
said to be total ly separable in the bound s ta t is t ics . A calculated 
d ivergence of zero means that s ignatures are inseparab le . In this 
case all the four bands had been used at a t ime. 
The TD range is between 0 and 2000 
The JM range is between 0 and 1414 
2 5 4 
T a b l e 6 .1 
A V E R A G E S E P A R A T I O N S A N D A C C U R A C Y M E A S U R E M E N T 
B E T W E E N D I F F E R E N T C L A S S E S 
P a r a m e t r i c and N o n -
P a r a m e t r i c D e c i s i o n ru le 
D i s t a n c e 
M e a s u r e 
O v e r a l l A c c u r a c y 
TD J M % K a p p a 
S t a t i s t i c s 
M a x i m u m l i k e l i h o o d 1 9 9 5 1 3 9 3 6 6 . 0 0 0 . 5 4 2 5 
M a h a l a n o b i s D i s t a n c e 1 9 4 2 1 3 5 4 7 0 . 0 0 0 . 6 2 9 6 
M i n i m u m D i s t a n c e 1 9 4 0 1 3 6 9 7 2 . 5 0 0 . 6 9 2 6 
F e a t u r e S p a c e 1 9 4 9 1 3 5 9 6 8 . 7 1 0 . 4 8 9 1 
P a r a l l e l e p i p e d 1 9 4 9 1 3 5 9 6 9 . 7 2 0 . 5 2 3 8 
From the above table it has been made clear that the 
maximum likel ihood c lass i f ier has the highest separabi l i ty for the 
TD and JM measures as is shown in f igure 6.2. But the highest 
overa l l accuracy of 72.5% is obtained in the case of minimum 
dis tance c lass i f ier with high Kappa s ta t is t ics of 0 .6926 which is 
evident f rom f igure 6.4. The lowest accuracy has been obtained 
f rom maximum likel ihood rule. Non-pa rame t r i c fea ture space 
c lass i f i e r has lowest Kappa stat is t ics of 0 .4891 ( f igu re 6.5). The 
min imum and maximum separat ion be tween c lasses with their 
c lass pairs have been given in the separabi l i ty l is t ing for each 
c las s i f i e r in appendices F(i) and (ii) to J(i) to J( i i ) . 
6.1.2 Pre and Post -Process ing in Class i f i cat ion: 
In the case of I R S - I D (LISS-I I I ) mul t i spec t ra l high 
reso lu t ion image of Al igarh city, each componen t exhibi ted its 
own spectral response pat tern. This resul ted in increase of spectral 
var ia t ions of each class and led to reduced in te r -c lass separat ion. 
As a resul t of this the c lass i f ica t ion accuracy had been reduced. 
The problems had been observed in the p rev ious c lass i f i ca t ion 
where most of the land use classes were found very he te rogeneous 
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(high value of coef f i c ien t of var ia t ion) . Further more, these 
c lasses were deviated from normal d is t r ibut ion. One way to tackle 
the problem of reduced class separabi l i ty in re la t ion to the 
increased internal var iance is by using pre -process ing in the form 
of smooth ing f i l ters . Another approach involves use of 
represen ta t ive t raining areas and stat is t ics that are acquired 
th rough d i f fe ren t re f inement procedures . 
The appl icat ion of smooth ing f i l ters cons is t s of applying 
mathemat ica l t r ans format ions to the or iginal data to remove the 
"unwanted ' or ' excess ' spectral detai l . Which might be considered 
as ' n o i s e ' . Those methods have to some extent let to an 
improvement in c lass i f ica t ion accuracy. However , these methods 
a t tempts to solve the problems of higher spect ra l con fus ion by 
e l imina t ing part of the in format ion that is present in the images. 
Many types of f i l te r ing techniques are avai lable which are termed 
as ' edge preserv ing noise smoo th ing ' . 
Acqui r ing representa t ive t ra in ing data is one of the most 
impor tan t steps in digital supervised c lass i f i ca t ion . The accuracy 
of c lass i f i ca t ion may largely depend on the qual i ty of t ra ining 
ra ther than the applied stat is t ical a lgor i thm. The inc lus ion of non-
represen ta t ive pixels in the t ra in ing data , par t i cu la r ly in a 
he te rogeneous envi ronment , can ser iously dis tor t the sample 
s ta t i s t ics and hence the pe r fo rmance of the c lass i f ie r . 
One way to improve c lass i f i ca t ion accuracy and to increase 
the separa t ion between s ta t is t ica l ly genera ted c lass i f i ca t ion 
paramete rs is p re -process ing in the c lass i f i ca t ion . This is due to 
the fac t that in Gauss ian Maximum Like l ihood (GML) 
c lass i f i ca t ion once a pixel is cons idered within a c lass , it makes a 
fu l l cont r ibut ion in genera t ing s ta t is t ical parameters of the class. 
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even if it actually contains a mixture of cover c lasses . This is 
l ikely to reduce the est imated accuracy. Thus ' r o b u s t ' t raining 
area s tat is t ics are required for better c lass i f i ca t ion . Such statist ics 
may be obtained by either removal of non- represen ta t ive pixels or 
r e f in ing t ra ining area stat is t ics . 
Pos t -process ing in the form of fuzzy convolu t ion can be used 
to improve the c lass i f ica t ion accuracy. Var ious researchers have 
advoca ted the use of fuzzy s ta t is t ics for the c lass i f i ca t ion of 
remote ly sensed imagery. There fore , two sets of exper iments were 
conduc ted here to improve the c lass i f i ca t ion accuracy for the study 
area. The first set evaluates the e f fec t of smoothing fillers. The 
second set of exper iment invest igated the e f f e c t of post-
process ing , using fuzzy convolut ion on c lass i f i ed images . 
I. Effect of Smoothing Filters: 
In the f irst set of exper iments to test the e f fec t of pre-
process ing using smoothing f i l ters (noise r emova l ) , the fo l lowing 
types of f i l ters had been used: 
(a) Average fi l ter with square window size of three pixels 
(Average 3 x 3). 
(b) Median f i l ter with square window size of 5 pixels (Median 
5 x 5 ) . 
Noise Removal: This opera t ion enabled to remove per iodic noise 
such as s t r ipping f rom imagery by au tomat ica l ly enhanc ing the 
image. 
For the present inves t iga t ion the noise pixel in the image had 
been considered to be those pixels that have gray level values 
equal to the extreme values with an assoc ia ted f r equency of 
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occur rence of less than 5 pixels. The abil i ty of every f i l ter to 
remove noise had been measured on the basis of the fo l lowing two 
iac tors : 
(a) Abi l i ty of the f i l ter to remove a fo remen t ioned low frequency 
ex t reme pixel values from the image. This abi l i ty is evaluated 
as the percentage change in the range of gray level values by 
appl icat ion of a f i l ter with respect to the or iginal images, 
(b) Percentage reduct ion in the coe f f i c i en t of var ia t ion of f i l tered 
image with respect to the or iginal image is used to assess the 
smooth ing e f fec t of every f i l ter . 
(i) AVG 3 x 3 Filter: 
•The standard average or smooth f i l ter is a l inear f i l ter which 
works in a 3 by 3 envi ronment . It ca lcula ted the average value of a 
pixel and assigned the result to the central pixel . The average 
f i l ter smoothens the image but may blur it. Fo l lowing 3x3 matrix 
has been applied on the or iginal image in this case. 
1 1 1 
1 1 1 
1 1 1 
Gain fac to r = 1/9 = 0 .111111 
If the 9 values in the input image are the fo l lowing e .g. . 
17 22 18 
21 15 18 
17 20 23 
The f i l ter will calculate like this: 
(1x17+1x22+1x18+1x21 + 1x15+1x18+1x17+1x20+lx23)x0.111111 = 19 
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The output value assigned to the central pixel will be 19 (in 
this case the values in the input image is 15)^. 
In f igure 6.7 AVG 3x3 Filter has been applied on the original 
image to remove excess noise from the image to sharpen its 
c lar i ty . When we compare f igure 6.7 from the previous ones based 
on PPS c lass i f ica t ion , we can say that the overal l interpretabi l i ty 
of the image has been improved. Here all the l inear fea tures can be 
clear ly seen. The fa l low land is also beau t i fu l ly demarca ted from 
all other land use categories . Due to the mixing of spectral 
s ignatures with the wasteland in this case the extent and spread of 
built up land is more. Wasteland is suppressed by the spread of 
built up land due to this reason. 
(ii) Med 5 x 5 Filter: It replaced the value of the central pixel by 
the median value of each 9 pixels values cons idered (5x5 matrix). 
For each 25 pixels cons idered , the Med 5 f i l ter a lways assigns the 
value of rank 13 to the central pixel in the output map. It had been 
seen that 5x5 window reduced a greater propor t ion of scene noise 
and produced better class results than using a 3x3 window. The 25 
pixel values, for example , encountered in the input map were: 
2 4 10 3 21 
14 1 J 12 9 
11 7 8 13 
8 8 13 15 6 
12 2 5 10 12 
The median f i l ter ordered these 25 values as: 
I , 2 , 3 , 4 , 5 , 5 , 6 , 7, 8 , 8 , 8 , 9 , 9 , 10, 10 , 11 , 12 , 12 , 12 , 13 , 14 , 15 , 2 1 . 
3. ILWIS (1997) "ILWiS 2.1 for Windows" Reference Manual, ITC-Enschede, The 
Netherlands, p. 309
2 59 
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The values at rank order 13 is assigned to the pixel in the output 
map'*. 
Af t e r applying Med 5x5 f i l ter to the or iginal in image the 
f igure 6.8 a marked d i f f e r ence has been achieved f rom the visual 
in terpre ta t ion of the c lass i f ica t ion . Here also the l inear features , 
both major and minor are clearly vis ible f rom the image. Open 
fores t and fal low land s ignatures are reported to be mixing with 
each other. Wasteland is not c lear ly demarca ted . This can be 
a t t r ibuted to the fact that built up and was te land spectral 
s ignatures are mixing together . Water bodies are clear ly vis ible in 
this case. 
CLASS S E P A R A B I L I T Y AND A C C U R A C Y M E A S U R E M E N T 
The appl icat ion of AVG 3x3 and MED 5x5 f i l te rs resul ted in 
h igher c lass i f ica t ion accuracy of the t ra in ing and test area than the 
or ig inal data for the s tudy site. P re -process ing improved the 
c lass i f i ca t ion accuracy for he te rogeneous c lasses s igni f icant ly . 
The overal l improvement in c lass i f i ca t ion accuracy was 2.5% for 
AVG 3x3 and 4.5% for MED 5x5 f i l te rs more as compared to the 
PPS c lass i f ica t ion . The c lass i f i ca t ion accuracy of most of the 
c lasses have improved s ign i f i can t ly using M5 than A3 f i l ter . 
Improvement have also been found in Kappa s ta t i s t ics for both the 
f i l t e r s , as has been cleared f rom table 6.2. 
4. Ibid., p. 322 
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Table. 6.2 
A V E R A G E S E P A R A T I O N AND A C C U R A C Y M E A S U R E M E N T 
B E T W E E N D I F F E R E N T CLASSES. 
S m o o t h i n g F i l t e r s used D i s t a n c e O v e r a l l A c c u r a c y 
M e a s u r e s 
T D J M % K a p p a 
S t a t i s t i c s 
A v e r a g e 3 x 3 1 9 4 9 1 3 6 1 7 5 0 . 7 2 2 2 
M e d i a n 5 x 5 1 9 4 9 1 3 6 1 7 7 0 . 8 1 1 9 
The s ignature separa t ion measurements are the same for both 
the cases using AVG 3x3 and MED 5x5 f i l ters . The minimum and 
maximum separabi l i ty f igures can be seen f rom appendices K(i) 
and K (ii) and M(i) and M(i i ) with their class pairs. 
II. Fuzzy Convolut ion: 
The second set of exper iment had been conducted to study 
the e f f ec t of pos t -p rocess ing on c lass i f i ca t ion accuracy as well as 
improvement in the visual incept ion of the c lass i f i ed images. For 
this purpose, the fuzzy convolu t ion with window sizes of 3x3, 5x5 
and 7x7 pixels was appl ied a f te r init ial c lass i f ica t ion . 
The Fuzzy Convolu t ion opera t ion created a single 
c lass i f ica t ion layer by ca lcu la t ing the total weighted inverse 
dis tance of all the c lasses in a window of pixels and ass igned the 
central pixel the class with the largest total inverse dis tance 
summed over the entire set of fuzzy c lass i f i ca t ion layers. This has 
the e f fec t of creat ing a con tex t -based c lass i f i ca t ion to reduce the 
speckle or "sal t and pepper" in the c lass i f i ca t ion . Classes Vv'ith a 
very small d is tance value remain unchanged whi le classes with 
higher dis tance values may change to a ne ighbour ing value if there 
are suf f ic ien t number of ne ighbour ing pixels wi th class values and 
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small cor responding dis tance values. The fo l lowing equat ion was 
used in the appl icat ion of fuzzy convolut ion: 
" W 
T [ k l = I I I • 
1=0 .i=o 1=0 Dji|j_k 
where : 
i = row index of window 
J = column index of window 
s = size of window (3, 5 or 7) 
L = layer index of fuzzy set 
n = number of fuzzy layers used 
w = Weight table for window 
k = Class value 
D[k] = Dis tance f i le value for class k 
T[k] = total weighted dis tance of window for class k 
The centre pixel is ass igned the class with the m a x i m u m T[k] . 
Result : 
Fuzzy convolu t ion of 3x3, 5x5 and 7x7 windows were 
appl ied on the c lass i f ied image obtained with the or ig inal bonds 
which gave the highest visual improvement to the land use classes . 
It had reduced the speckleness in the c lass i f ied images . As the size 
of the window has been increased the speckleness of the pixels has 
been reduced which can be seen from the f igu re 6.9 with the 
appl ica t ion of 3x3 convolut ion on the or iginal c l a s s i f i ed image, 
f igure 6.10 with 5x5 window and f igure 6 .11 with 7x7 
convolu t ion . The compactness of the land use ca tegor ies has also 
been increased with the increase in the size of the window. One 
can see that pos t -process ing in the form of f u z z y convolu t ion 
improves c lass i f i ca t ion accuracy but not to a s ign i f i can t extent . In 
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f a c t , i t c a n b e u s e d t o r e d u c e t h e s p e c k l e n e s s i n t h e l a n d u s e 
c l a s s e s t o i m p r o v e i t s v i s u a l i n t e r p r e t a b i l i t y . 
6.2 APPLICATION OF IMAGE FUSION T E C H N I Q U E 
The merging of multi sensor data is becoming a widely used 
p rocedure due to the complementary nature of var ious data sets. 
Data merging yields images which incorporate higher spatial 
in fo rmat ion while retaining the inherent spectral charac te r i s t ics . 
6.2 .1 Pixel Based Fusions: 
This part of the work deals with the level of pixel based 
fus ion . The pixel -based fus ion involves image data obta ined f rom 
d i f f e r e n t sources. Before the data had actual ly been merged or 
f u sed , some points had been considered. 
Pre-requis i tes : 
The actual procedure of fus ion does not consume much time 
and energy. It is the preprocess ing work and e f fo r t s to bring the 
d iverse data to a common p la t fo rm which mas te r s a greater 
a t ten t ion and appeal . 
(i) Pre-process ing of the Images: 
Fusion involves the in teract ion of the images having 
d i f f e r en t spatial resolut ion. These images have d i f f e r en t pixel 
size, which created problems whi le merging . Hence , image data 
was resampled to a coinmon pixel spacing and map pro jec t ion . The 
common pixel should be the one, which is requi red in the desired 
fused image. Besides, all sensor spec i f i c cor rec t ions and 
enhancements of the image data had been appl ied before image 
fus ion . Af te r the fus ion process the con t r ibu t ion of each sensor 
cannot be d is t inguished or quant i f ied , t he re fo re , it was tr ied to 
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produce the best single sensor geometry and rad iometry and then 
fused the images. Any spatial enhancement pe r fo rmed before 
image fus ion is of benef i t to the resu l t ing fused image. 
As we know the above ment ioned method requires super 
imposable images, once all images were set to a common spatial 
resolu t ion (e.g., 10 m in the present case) . The image of lower 
reso lu t ion (23.5 m LISS III) was pro jec ted into the geometry of 
the image of higher resolut ion (5.8 m PAN). Dur ing the process , a 
resampl ing of the image were pe r fo rmed . The resampl ing 
opera t ion had inf luence upon the resul ts . 
(ii) Rect i f icat ion Process in ERDAS: 
ERDAS IMAGINE so f tware provides tools for s imple linear 
correc t ion as well as tools for image- to- image regis t ra t ion or 
in iage- to- image rec t i f ica t ion using ground control points . The 
fo l lowing steps have been taken to resample the images . 
(a) The f i le conta in ing the geo- re fe renced map and the image to 
be rec t i f ied were displayed in two d i f f e ren t v iewers . 
(b) The geometr ic correc t ion tool was started and the fo l lowing 
select ions were made: 
• Geometr ic model Polynomia l (order 1) 
• Pro jec t ion Geographic (Lat /Long) 
• Spheroid Mod i f i ed Everes t 
• Datum Modi f i ed Everes t 
(c) GCPs (Ground Control Points) were recorded , with input 
GCPs having the coord ina tes of the geo - re fe renced map. 
(d) The images were resampled using the Neares t Ne ighbourhood 
Algor i thm. 
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( i i i ) T e m p o r a l I n f o r m a t i o n : 
The images of the resolut ions may not have been acquired 
s imul taneous ly . Optical propert ies of the a tmosphere are d i f fe ren t 
f rom one date to the other. This induces fur ther spectral 
d i s to r t ions in the set of images. As for the l andscape , as long as 
the t ime log is small with respect to the t ime scale of the 
var ia t ions in small size features , its in f luence upon the quali ty of 
the t rans format ion of the spectral content when enhanc ing the 
spat ia l resolut ion is low or negl igible . Such a t ime scale is greatly 
viable and depend upon the objects themselves as well as upon the 
spat ia l and spectral resolut ions with which they are observed. If 
the t ime lag is large, the user must weigh its consequences . 
The re fo r e , one should try to obtain those images , which are as 
c lose to each other or the time scale as possible^. Here, IRS-
I C ( P A N ) of February 1999 and I R S - I D ( L I S S - I I I ) of March 2000 
images were used for fus ion process ( f igure 6 .12) . The t ime lag is 
of one year . As a result of it the fused images are not very f ine . 
In f igure 6.12 the left hand images is of I R S - I C ( P A N ) with 
5.8 m resolut ion and the right hand f igure is of IRS- ID(LISS- I I I ) 
wi th 23.5 m resolut ion. Here, the spat ial r e so lu t ion of PAN is 
much higher that the spatial resolut ion of LISS III. It was expected 
that the PAN image would give a bet ter d i sc r imina t ion of the 
indiv idual objects , but here the fact is that the LISS III with lower 
reso lu t ion gives higher clari ty of image. This is la rge ly due to the 
fac t that a l though PAN has a higher spat ial r e so lu t ion but in this 
case the scale of the image is smaller than the LISS III scene 
which is on 1:50,000 scale which helps to d i sc r imina te the image 
in a bet ter way. Infac t , LISS III gives a bet ter image c lar i ty due to 
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high spec t ra l r e so lu t ion as c o m p a r e d to spec t r a l r e s o l u t i o n of PAN 
image . The r e l a t ive ly hazy image d i sp l ay in the PAN image is 
a l so b e c a u s e of the p rob lem of sc reen c a p t u r e of the image at the 
s t a g e of p r i n t a b l e fo rm. Once the data is c o n n e c t e d to the 
d i s t o r t i o n , the va r ious f u s i o n t e c h n i q u e s had been app l i ed on it. 
6 .2 .2 C a l c u l a t i o n of M e r g i n g A c c u r a c y of the F u s e d I m a g e s : 
The o b j e c t i v e of this part was to p r o p o s e bo th an a p p r o a c h 
and s o m e c r i t e r i a for a q u a l i t a t i v e a s s e s s m e n t of the q u a l i t y of the 
r e s u l t i n g f u s e d images . H o w e v e r , l i t e r a tu re in th is r e g a r d is not 
a v a i l a b l e , as is wi th the case of v a r i o u s f u s i o n t e c h n i q u e s . Here , 
two m e t h o d s - (1) v i sua l i n s p e c t i o n and (2) Wald el.al., a p p r o a c h 
had been used for c o m p a r i n g the r e su l t s of d i f f e r e n t m e t h o d s 
a p p l i e d for the f u s i o n of the images . 
(1) V i s u a l I n s p e c t i o n : 
This is the mos t o b v i o u s m e t h o d of a s s e s s i n g the qua l i t y of 
any image . The d i f f e r e n c e b e t w e e n the f u s i o n is v i s u a l l y o b v i o u s 
in th i s case . T e x t u r e and r e l i e f has been added . C h a r a c t e r i s t i c s of 
t hese images are d i f f e r e n t f r o m each o the r . He re , we wi l l e x a m i n e 
the r e su l t s of each t e c h n i q u e t a k i n g e x a m p l e f r o m land use 
c a t e g o r i e s . 
^ M u l t i p l i c a t i v e M e t h o d : 
This m e t h o d app l i e s a s imp le m u l t i p l i c a t i v e a l g o r i t h m , 
w h i c h i n t eg ra t e s the two r a s t e r images . In f i g u r e 6 .13 the h igh 
s p e c t r a l and spa t ia l images had b e e n f u s e d u s i n g th i s m e t h o d . All 
the m a j o r and minor l inear f e a t u r e s h a v e b e e n h i g h l i g h t e d in the 
5. Wald , Lucen, Thierry Ranchin and M a r c Mangol in i (1997) "Fus ion of Satell i te Images of 
d i f fe ren t Spatial Resolut ion: A s s e m b l i n g the Qual i ty of Resul t ing hnages" , 
Pho togrammet ry Engineer ing and R e m o t e Sensing, Vol . 63, N o . 6, June , p. 692-693 . 
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image . Bui l t up land is a lso r igh t ly d e m a r c a t e d . A g r i c u l t u r a l land 
can be d i s t i n g u i s h e d f rom w a s t e l a n d and o the r land use c a t e g o r i e s . 
But it is not p o s s i b l e to d e l i n e a t e f a l l o w land f rom ag r i cu l t u r a l 
land . 
The mu l t i p l i c a t i ve method is the s i m p l e s t of all o ther f u s i o n 
m e t h o d s . As it is c o m p u t a t i o n a l l y s imp le it is g e n e r a l l y the f a s t e s t 
m e t h o d and r equ i r e s the least sys tem r e s o u r c e s . H o w e v e r , the 
r e s u l t i n g merged image does not r e t a in the r a d i o m e t r y of the input 
m u l t i s p e c t r a l image . Ins t ead , the in t ens i ty c o m p o n e n t is i nc r ea sed . 
For m a n y a p p l i c a t i o n s this is a d e s i r a b l e m e t h o d . M o s t l y in u rban 
or s u b - u r b a n s tud ies , p l a n n i n g and u t i l i t i e s r o u t i n g . As these 
f e a t u r e s tend to be h igher r e f l e c t i n g c o m p o n e n t s in an image . 
> P r i n c i p a l C o m p o n e n t M e t h o d : 
T h e p r i n c i p a l c o m p o n e n t s m e r g e and c o m p u t e the p r i n c i p a l 
c o m p o n e n t s of the m u l t i s p e c t r a l image , t hen r e p l a c e PC-1 wi th the 
g ray sca le image . An inver se p r i n c i p a l c o m p o n e n t is then 
p e r f o r m e d . This me thod has th ree o p t i o n s to m o d i f y the g ray sca le 
i m a g e b e f o r e it r ep l aces PC-1 . 
• R e m a p : The op t ion , r e m a p the da ta f i l e v a l u e s of the gray 
sca le image to the same r ange of v a l u e s f o u n d in PC-1 . 
Th i s he lps to r e d u c e d i s t o r t i o n w h e n t h e r e v e r s e p r i n c i p a l 
c o m p o n e n t is c a l c u l a t e d . In f i g u r e 6 .14 r e m a p op t ion has 
been used for m e r g i n g the two i m a g e s . U s i n g th is op t i on 
all the m a j o r and minor f e a t u r e s are c l e a r l y v i s i b l e . It is 
not poss ib l e to d i s t i n g u i s h b e t w e e n f a l l o w land and 
c rop land but we can say tha t a g r i c u l t u r a l land is c lear ly 
seen . Bui l t up area is b e a u t i f u l l y d e m a r c a t e d and 
e d u c a t i o n a l a rea can be eas i ly d e l i n e a t e d . Wa te r bod ie s 
are c lea r ly v i s ib l e but d i s p l a c e m e n t of t h e s e f r o m the i r 
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or ig ina l pos i t ion can be seen here . Was t e land and bui l t 
up land hav ing a lmos t s ame tone , w h i c h canno t be 
d i s c r i m i n a t e d s epa ra t e ly unt i l h av ing pr io r k n o w l e d g e of 
the a rea . 
• H i s t o g r a m M a t c h i n g : It ma t ches the h i s t o g r a m of the 
gray sca le image to that of PC-1 . H i s t o g r a m - m a t c h i n g 
op t ion has been used for p r e p a r i n g f i g u r e 6 .15 . In this 
f i g u r e a lso as in f i g u r e 6 .14 all the m a j o r l inea r f e a t u r e s 
are v i s ib l e . Open f o r e s t s are not c l ea r ly d i s t i n g u i s h a b l e 
f r o m the image . The bu i l t up area can be d e m a r c a t e d 
eas i ly wi th e d u c a t i o n a l land as s e p a r a t e c a t e g o r y . Was t e 
land and bu i l tup land spec t r a l s i g n a t u r e s a re m i x i n g here 
a l so . Wa te r bod ie s are s h o w i n g d i s p l a c e m e n t as in the 
p r e v i o u s case . 
• M u l t i p l y : Th i s op t i on m u l t i p l i e s the da ta f i l e va lues of 
the g ray sca le image by the da ta f i l e v a l u e s of PC-1 . The 
g ray sca le data f i l e va lues are f i r s t r e m a p p e d to a 0.0 to 
1.0 r a n g e . In f i g u r e 6 .16 th i s op t i on is used to merge the 
spa t i a l and spec t r a l c h a r a c t e r i s t i c s of two d i f f e r e n t data 
se ts to c o m e wi th a m e r g e d ou tpu t . H e n c e , the f u s e d 
r e su l t s are not ve ry good b e c a u s e the r a d i o m e t r y has been 
c h a n g e d . Due to th is it g ives a hazy look to the image . 
O v e r a l l on ly wa te r bod ie s can be c l e a r l y d e m a r c a t e d . 
Bu i l t up land is a lso v i s ib l e but not w i t h a c l ea r cut 
b o u n d a r y l ine as in the p r e v i o u s two o p t i o n s of P C A 
m e t h o d . 
The P r i n c i p a l C o m p o n e n t m e t h o d is bes t used in 
a p p l i c a t i o n tha t r e q u i r e the o r ig ina l scene r a d i o m e t r y (co lo r 
b a l a n c e ) of the ou tpu t m u l t i s p e c t r a l image to be m a i n t a i n e d as 
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c l o s e l y as p o s s i b l e in the ou tpu t f i le . As th is m e t h o d sca les the 
h igh r e so lu t i on data set to the same da ta r ange as P r inc ipa l 
C o m p o n e n t 1 ( b e f o r e the Inverse Pr inc ipa l C o m p o n e n t C a l c u l a t i o n 
is a p p l i e d ) , the band h i s t o g r a m s of the ou tpu t f i l e c lose ly r e s e m b l e 
t h o s e of the input m u l t i s p e c t r a l image . A n o t h e r resul t of th is 
m e t h o d o l o g y is that the ou tpu t f i l e t ends to have the same da ta 
r ange as the input m u l t i s p e c t r a l f i l e . 
As the method i nvo lves l a r g e - s c a l e m a t h e m a t i c a l 
c a l c u l a t i o n s , c o m p u t a t i o n a l l y it r equ i r e s more t ime as a resu l t it is 
s low in c o m p a r i s o n to o ther m e t h o d s . It a l so r e q u i r e s large sys tem 
space . 
> B r o v e y T r a n s f o r m : 
This me thod uses a ra t io a l g o r i t h m to c o m b i n e the two h igh 
spa t i a l and high spec t r a l r e s o l u t i o n images . In f i g u r e 6 .17 this 
me thod is used to merge the two d i f f e r e n t i m a g e s . Th i s m e t h o d is 
not r e c o m m e n d e d fo r d e l i n e a t i o n of l inear f e a t u r e s . I n s t ead , he re 
bui l t up land is b e a u t i f u l l y d i s c r i m i n a t e d f r o m o t h e r land used 
c a t e g o r i e s . W a s t e l a n d can be i d e n t i f i e d eas i ly with its b r igh t tone. 
By th is m e t h o d ag r i cu l tu r a l land is c l ea r ly v i s i b l e and here it is 
p o s s i b l e to d e m a r c a t e f a l l o w land f r o m the c rop land , water bod ies 
are a l so c l ea r ly v i s ib le . 
The B r o v e y T r a n s f o r m was d e v e l o p e d to v i s i b ly i n c r e a s e 
c o n t r o l in the low and h igh ends of an image h i s t o g r a m ( i .e . , to 
p r o v i d e con t ro l in s h a d o w s , wa te r and h igh r e f l e c t a n c e a r eas such 
as u r b a n f e a t u r e s ) . C o n s e q u e n t l y , th i s m e t h o d s h o u l d not be used 
if p r e s e r v a t i o n of the o r i g i n a l s cene r a d i o n i e t r y is impor t an t . 
H o w e v e r , it is good fo r p r o d u c i n g R G B i m a g e s w i th a h ighe r 
d e g r e e of con t r a s t in the low and h igh ends of the images 
h i s t o g r a m and for p r o d u c i n g " v i s u a l l y a p p e a l i n g " i m a g e s . 
a 
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^ I H S S u b s t i t u t i o n : 
In t ens i t y , Hue and Sa tu ra t ion ( IHS) met l iod can be app l i ed 
witli two op t ions to f u s e the images , h a v i n g two d i f f e r e n t 
c h a r a c t e r i s t i c s i .e. , one with high spa t i a l r e s o l u t i o n but h a v i n g low 
s p e c t r a l r e s o l u t i o n , the o ther with h igh spec t r a l r e s o l u t i o n but 
h a v i n g low spa t ia l r e so lu t i on . This m e t h o d can be app l i ed with 
two o p t i o n s . 
• I n t e n s i t y : In this op t ion i n t ens i t y w o u l d be r e p l a c e d with 
the gray sca le image . F i g u r e 6 .18 has b e e n o b t a i n e d us ing 
th i s op t ion . Here l inear f e a t u r e s are not m u c h v i s ib le 
excep t the m a j o r roads and r a i l w a y l ines . U s i n g th is 
m e t h o d it is easy to d i s t i n g u i s h b e t w e e n the c r o p l a n d and 
the f a l l o w land. The bui l t up land b o u n d a r i e s are not 
c l ea r ly v i s ib le . But the spec t r a l s i g n a t u r e s of was t e l and 
are m i x i n g wi th the bui l t up land. So the d e m a r c a t i o n is 
d i f f i c u l t he re b e t w e e n the two land use c a t e g o r i e s excep t 
f o r p r io r k n o w l e d g e or i n t e n s i v e g r o u n d t r u th . 
• S a t u r a t i o n : In th is op t i on the s a t u r a t i o n of the 
m u l t i s p e c t r a l image is r e p l a c e d by the g ray sca le image . 
In f i g u r e 6 .19 s a tu ra t i on o p t i o n has b e e n u s e d . Here , it is 
d i f f i c u l t to p r o p e r l y d e l i n e a t e the bu i l t up a rea as the 
ou te r b o u n d a r i e s of the land are m i x e d wi th the 
a g r i c u l t u r a l land or the w a s t e l a n d . A g r i c u l t u r a l land is 
c l ea r ly v i s ib l e , here f a l l o w land can be d e l i n e a t e d but to 
some ex ten t only . Wate r b o d i e s are c l e a r l y v i s i b l e wi th 
t he i r da rk shade . M a j o r r o a d s and r a i l w a y l ines can be 
d e l i n e a t e d eas i ly . 
V i s u a l l y we can d e f i n i t e l y no te the i n c r e a s e in spa t i a l de t a i l s , 
or any l a rge - sca le d i s t o r t i o n s in the i m a g e . H o w e v e r , any 
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o b j e c t i v e c o m p a r i s o n of say t w o m e r g e d i m a g e s is a d i f f i c u l t and 
l e n g t h y t a s k . T h e h u m a n v i sua l s y s t e m is not e q u a l l y s e n s i t i v e to 
v a r i o u s t y p e s of d i s t o r t i o n in an i m a g e . T h e p e r c e i v e d i m a g e 
q u a l i t y d e p e n d s g r e a t l y u p o n the o b s e r v e r and the t h e m a t i c 
a p p l i c a t i o n . A g a i n v i sua l i n c e p t i o n may be m a d e t h r o u g h c o l o u r 
c o m p o s i t e s , f o r e x a m p l e , the f i r s t t h r ee c o l o u r c o m p o n e n t s of the 
set of i m a g e s . B o t h c o l o u r c o m p o s i t e s s h o u l d a g r e e v i s u a l l y . If the 
set of i m a g e s a re d i f f e r e n t e v e n , s l i g h t l y , t h e n the c o l o u r c o d i n g 
wi l l be d i f f e r e n t f o r bo th c o m p o s i t e s and no c o m p a r i s o n s can be 
p o s s i b l e . 
T h e a d v a n t a g e of v i s u a l a s s e s s m e n t is t ha t it d o e s not s h o w 
t r e n d in e r r o r s , if any , p o s s i b l y r e l a t e d to l a n d s c a p e f e a t u r e s . 
T h e d r a w b a c k of t he t e c h n i q u e is tha t s u b j e c t i v e a s s e s s m e n t and 
tha t th i s a s s e s s m e n t m a y be l i m i t e d e i t h e r by p h y s i o l o g i c a l f a c t o r s 
( e . g . , c o n t r a s t p e r c e p t i o n by h u m a n s ) or by t e c h n i c a l f a c t o r s ( e .g . , 
w h e n a l a rge n u m b e r of s p e c t r a l b a n d s a re p r e s e n t ) . 
2. T h e A p p r o a c h by W a l d et.al.: 
A q u a n t i t a t i v e a s s e s s m e n t had a l so b e e n m a d e u s i n g t w o of 
t he f o l l o w i n g c r i t e r i a , w h i c h q u a n t i f y the p e r f o r m a n c e of a m e t h o d 
to s y n t h e s i z e t h e s p e c t r a l s i g n a t u r e s d u r i n g t h e c h a n g e in s p a t i a l 
r e s o l u t i o n . T h e a s s u m p t i o n in t h i s m e t h o d is t h a t if s y n t h e t i c 
i m a g e s c o r r e l a t e w i t h the o r i g i n a l i m a g e da ta t h e n o n e can h o p e 
tha t w h e n a c t u a l m e r g i n g p r o c e s s wi l l be d o n e , t h e s a m e a c c u r a c y 
or s i m i l a r t ype of b e h a v i o u r wi l l be o b t a i n e d . T h i s a p p r o a c h is 
a l s o c a l l e d s y n t h e t i c i m a g e a p p r o a c h . 
A f t e r v i s u a l i n s p e c t i o n , t he d i f f e r e n t i m a g e s w e r e r e d u c e d to a 
f e w s t a t i s t i c a l p a r a m e t e r s w h i c h s u m m a r i z e t h e m . T h e r e a re a 
l a rge n u m b e r of c a n d i d a t e p a r a m e t e r s . W a l d h a d u s e d s o m e of t he 
2 8 4 
c o m m o n sets w h o s e d e f i n i t i o n s were wel l k n o w n to e n g i n e e r s and 
r e s e a r c h e r s and which c l ea r l y c h a r a c t e r i z e d the a d v a n t a g e s and 
d i s a d v a n t a g e s of a m e t h o d . The c o m p a r i s o n had been m a d e ba sed 
on the f o l l o w i n g c r i t e r ia : 
• T h e f i r s t c r i t e r i a is B I A S . The BIAS is the d i f f e r e n c e b e t w e e n 
the m e a n s of the o r ig ina l image and of the s y n t h e t i c image . 
A l so the va lue of B I A S r e l a t i ve to t he m e a n v a l u e of the 
image had been no ted . Idea l ly the B I A S shou ld be nu l l . 
• T h e d i f f e r e n c e in v a r i a n c e ( v a r i a n c e of t he o r i g i n a l image 
m i n u s v a r i a n c e of the syn the t i c image ) , as we l l as its va lue 
r e l a t i v e to the v a r i a n c e of the o r ig ina l image . T h i s d i f f e r e n c e 
e x p r e s s e d the quan t i ty of i n f o r m a t i o n added or los t du r ing the 
e n h a n c e m e n t of the spa t i a l r e s o l u t i o n . I d e a l l y the v a r i a n c e 
d i f f e r e n c e shou ld be nul l . 
• The c o r r e l a t i o n c o e f f i c i e n t b e t w e e n the o r i g i n a l and syn the t i c 
images s h o w e d the s im i l a r i t y in smal l s ize s t r u c t u r e s b e t w e e n 
the o r ig ina l and s y n t h e t i c images . It s h o u l d a l so be as c lose as 
p o s s i b l e to 1. 
• The s t anda rd d e v i a t i o n of the d i f f e r e n c e i m a g e , as wel l as its 
v a l u e r e l a t i ve to the m e a n of the o r i g i n a l i m a g e , i n d i c a t e s the 
leve l of e r ro r at any p ixe l . I dea l l y it s h o u l d be nu l l . 
Here , on ly two sets of c r i t e r i o n had b e e n used to 
q u a n t i t a t i v e l y s u m m a r i z e the p e r f o r m a n c e of a m e t h o d in 
s y n t h e s i z i n g an image in one s p e c t r a l band . 
F r o m tab le 6.3 (i) and ( i i ) in case of m e a n and v a r i a n c e one 
can see tha t bo th the P C A ( h i s t o g r a m - m a t c h i n g ) and M u l t i p l i c a t i v e 
m e t h o d c r e a t e d the i n f o r m a t i o n con t en t . Al l t he o the r m e t h o d s lose 
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i n f o r m a t i o n to some ex ten t . But it is s u r p r i s i n g to no te tliat the re 
are ve ry low v a r i a n c e and mean va lues in case of I H S ( S ) 
Table . 6 .3 
M E R G I N G A C C U R A C Y - T H E C A L C U L A T I O N S 
(i) B I A S 
Techniques Bands 
1 2 3 4 
LiSS - HI 91.991 67.619 1 10.328 123.204 
Mul t ip l ica t ive 107.638 74.373 1 13.535 130.158 
BIAS -15.647 -6.754 -3 .207 -6.954 
PCA (remap) 65.947 51.662 147.484 71.016 
BIAS 26.044 15.957 -37.156 52.188 
PCA (his togram-matching) 1 18.584 121.485 151.370 126.294 
BIAS -26.593 -53.866 -41 .042 -3.09 
PCA (mult iply) 75.73 8 72.443 144.277 95.335 
BIAS 16,253 -4.824 -33 .949 27.869 
Brovey 94.123 88.878 96.497 -
BIAS -2.132 -21.259 13.831 -
IBS (I) 52.327 31.199 36.302 -
BIAS 39.664 36.42 74.026 -
IHS (S) 0.497 0.376 0.410 -
BIAS 91.494 67.243 109.918 -
( i i ) V A R I A N C E 
Techniques Bands 
I 2 3 4 
LISS - III 295.461 481.890 342.287 635,544 
Mult ipl icat ive 403.005 63 1.868 408.080 596,043 
VARIANCE -107.544 -149.978 -65 .793 -60,499 
PCA (remap) 240.653 223.143 590.004 240,591 
VARIANCE 54.808 258.747 -247 .717 394.953 
PCA (his togram-matching) 548.496 666.207 617.323 642.852 
VARIANCE -253.035 -184.317 -275,036 -7,281 
PCA (mult iply) 247.968 35 1.937 326.741 493.506 
VARIANCE 47.493 129.953 15,546 142.038 
Brovey 333.500 611.671 226,893 -
VARIANCE -38.093 -129.781 1 15.394 -
IHS (1) 272.052 270.273 235.683 -
VARIANCE 23.409 211.617 106,604 -
IHS (S) 0.009 0.006 0,060 -
VARIANCE 295.452 481.884 342,227 -
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t r a n s f o r m a t i o n . It was e x h a u s t i v e l y clieciced w h i l e p e r f o r m i n g 
v a r i o u s o p e r a t i o n s tha t t he m e a n v a r i a n c e v a l u e s w e r e a l w a y s v e r y 
low in c a s e of IHS . H o w e v e r , t h e r e w a s no d e a r t h in i n f o r m a t i o n 
c o n t e n t , and v i s u a l l y the i m a g e s w e r e r e a d i l y i n t e r p r e t a b l e ( th i s 
a s p e c t ha s to be e x p l o r e d in f u t u r e w o r k s ) . T a k i n g i n d i v i d u a l b a n d 
a s s e s s m e n t , in bo th m e a n and v a r i a n c e c a l c u l a t i o n s P C A ( r e m a p ) 
is g a i n i n g i n f o r m a t i o n in band 3 o n l y . B y c o m p a r i n g the d i f f e r e n c e 
of m e a n s f r o m the o r i g i n a l i m a g e P C A ( m u l t i p l y ) is c r e a t i n g 
i n f o r m a t i o n c o n t e n t in b a n d s 2 and 3 and B r o v e y t r a n s f o r m a t i o n 
m e t h o d in b a n d s ] and 2. 
M a n y m e t h o d s h a v e been p r o p o s e d f o r m e r g i n g the h igh 
s p e c t r a l and h i g h spa t i a l r e s o l u t i o n d a t a in o r d e r to p r o d u c e 
m u l t i s p e c t r a l i m a g e s of d i s c r i m i n a t i o n , c i a r i t v u s i n g the h i g h e s t 
s p a t i a l r e s o l u t i o n a v a i l a b l e w i t h i n the da ta spI. V e r y o-. -.iK-
an a s s e s s m e n t of the q u a l i t y of the r e s u l t i n g s y n t h e t i c i m a g e s . The 
p r e s e n t w o r k p r o p o s e s b o t h a f o r m a l a p p r o a c h and s o m e c r i t e r i o n 
to p r o v i d e a q u a n t i t a t i v e a s s e s s m e n t of the s y n t h e t i c i m a g e s . T h e 
a p p r o a c h is b a s e d u p o n the s i m p l e c o n c e p t s , e a s y to u n d e r s t a n d 
a n d e a s y to i m p l e m e n t and use . T o g e t h e r w i t h the v i sua l 
e v a l u a t i o n of t he s y n t h e t i c i m a g e s , t h e s e c r i t e r i o n m a y be u sed to 
s e l e c t a m e t h o d a m o n g o t h e r s , a c c o r d i n g to i ts p e r f o r m a n c e f o r t he 
c r i t e r i o n w h i c h a re m o s t i m p o r t a n t f o r t he a p p l i c a t i o n . T h e y a l so 
p r o v i d e a too l to a s s e s s the m e r i t s and d r a w b a c k s of a m e t h o d . 
Chapter-VII 
L A N D U S E C H A N G E D E T E C T I O N A N D U R B A N SITE 
S U I T A B I L I T Y IN A L I G A R H CITY R E G I O N 
A l i g a r h is a c lass I Ci ty , on accoun t of its p r o x i m i t y to 
De lh i and its c o m m e r c i a l g rav i ty . As it l ies in the Na t iona l 
C a p i t a l R e g i o n ( N C R ) and hav ing a cen t ra l G o v e r n m e n t 
U n i v e r s i t y , a good deal of u rban e x p a n s i o n has t aken p l ace in 
A l i g a r h City. A l iga rh has g rown at a f a s t e r ra te both in 
p o p u l a t i o n and the a rea! ex ten t , e s p e c i a l l y d u r i n g the last 
d e c a d e of 1991-2001 . The p o p u l a t i o n of the c i ty has g r o w n f r o m 
72 ,000 p e r s o n s in 1901 to 7 , 4 9 , 5 8 5 p e r s o n s by the c e n s u s 2001 . 
D u r i n g 1 9 7 1 - 8 1 the p o p u l a t i o n g r o w t h was 27 .16 per cent f r o m 
2 , 5 2 , 3 1 4 pe r sons in 1971 to 3 , 2 0 , 8 6 1 p e r s o n s in 1981. 
The t rend of rapid g r o w t h in i t i a t ed f r o m the year 1981 on-
wards . D u r i n g 1 9 8 1 - 9 1 the c i ty had r e g i s t e r e d an i nc rea se of 
a l m o s t 50 per cent f r o m an a g g r e g a t e of 3 , 2 0 , 8 6 1 p e r s o n s in 
1981 to 4 , 8 0 , 5 0 0 pe r sons in 1991. Th i s g r o w t h w a s f u r t h e r 
a c c e n t u a t e d to 56 per cen t du r ing 1991 to 2001 . Such a rap id 
p o p u l a t i o n g rowth has led to s i g n i f i c a n t l a n d u s e c h a n g e s in and 
a r o u n d the ci ty . Whi le bu i l t up dens i ty i n c r e a s e d in the sma l l e r -
s ize wa rds in the hear t of the ci ty , the u r b a n sp rawl w a s 
n o t i c e a b l e in the f r i n g e a reas of the n e w e r as wel l as b i g g e r - s i z e 
w a r d s . The in tens ive g r o w t h of the c i ty is a w i t n e s s to 
h a p h a z a r d land use . The spa t i a l p a t t e r n s of such c h a n g e s are 
c l ea r ly seen on the u rban f r i n g e s of A l i g a r h . H e n c e , t he re is an 
u rgen t need to cons t an t l y m o n i t o r such c h a n g e s in o rde r to p lan 
e f f e c t i v e m e a s u r e s t o w a r d s an o r g a n i s e d f u t u r e d e v e l o p m e n t of 
the c i ty . To mon i to r the c h a n g i n g land use s c e n a r i o of the c i ty , 
m u l t i t e m p o r a l sa te l l i t e images of A l i g a r h h a v e been a c q u i r e d f o r 
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l anduse de l i nea t i on and m a p p i n g . The u rban s p r a w l , its pa t t e rn s 
and d i r e c t i o n s and d i m e n s i o n s of l anduse , l a n d c o v e r c h a n g e s 
have been de t ec t ed . The site su i t ab i l i t y ana ly s i s fo r f u r t h e r 
e x p a n s i o n of the ci ty has been made . 
The in t e rp re t a t i on of mu l t i da t e sa te l l i t e i m a g e s and the 
s u r v e y of India t o p o g r a p h i c a l map have been used in the 
p r e p a r a t i o n of four t ime ser ies l anduse and l a n d c o v e r maps . The 
s t u d y area inc ludes A l iga rh Ci ty and its s u r r o u n d i n g s , 
c o n s i s t i o n g of 2 1 8 . 4 3 0 sq .km. The a rea l ex ten t is nea r ly 13.6 
km f r o m nor th to south and the e a s t - w e s t ex t en t is abou t 16 km. 
A r e a l s cena r io s ob t a ined f rom SOI t o p o g r a p h i c a l map and 
sa t e l l i t e images t o g e t h e r wi th the f i e ld s u r v e y s have shown 
p e r c e p t i b l e l anduse c h a n g e s . The l a n d u s e m a p s d r a w n f r o m the 
s a t e l l i t e da ta were c o n s i d e r e d as p r i m a r y i n f o r m a t i o n in the 
s e n s e tha t they were s u p p o r t e d by the f i r s t hand d i rec t 
o b s e r v a t i o n s of seve ra l p h e n o m e n a . 
Tab le 7.1 g ives i n f o r m a t i o n of the land use / land 
c o v e r c a t e g o r i e s f r o m 1 9 7 1 - 2 0 0 0 . Th i s t ab le w a s g e n e r a t e d f r o m 
the land use / land cove r maps of the e n q u i r y p e r i o d . It r evea l s 
tha t m o r e than hal f of the area b e l o n g s to a g r i c u l t u r e in all the 
f o u r t i m e ser ies maps . N e x t c o m e s the b u i l t u p c l a s s i n c l u d i n g 
the r e s i d e n t i a l , c o m m e r c i a l , i ndus t r i a l , e d u c a t i o n a l and 
r e c r e a t i o n a l a rea . The bu i l t up a rea is c o n t i n u o u s l y i n c r e a s i n g 
and has a lmos t d o u b l e d f o r m 28 .01 sq .km. in 1971 to 5 5 . 4 9 7 
s q . k m . in the year 2000 . The d ig i t a l ly d e l i n e a t e d b u i l t u p a rea of 
A l i g a r h Ci ty e x c e e d e d beyond the m u n i c i p a l l imi t s a f t e r 1989. 
As a r e su l t of this , the c i ty area d e m o n s t r a t e d in th i s s tudy does 
not c o r r e s p o n d wi th the m u n i c i p a l f i g u r e s . 
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Table . 7.1 
A L I G A R H CITY R E G I O N : D I S T R I B U T I O N OF L A N D USE 
C A T E G O R I E S O V E R T H E Y E A R S . 
Landuse / Land Area in sq. Km. 
cover 1971 1989 1998 2000 
Classes 
Populat ion 2,52,314 4,48,572 6,41,123 7,00,123 
Built up land 28.01 33.383 51.239* 55.497* 
Residential 21.927 24.741 37.796 40.885 
Commercial 2.152 3.400 5.396 5.898 
Recreat ional 0.394 0.321 0.459 0.483 
Inst i tut ional / 1.652 2.331 3.650 3.987 
Educational 
Industrial 0.561 2.180 3.428 3.818 
Vacant 1.324 0.410 0.499 (^426 
Agricultural Land 157.379 132.391 129.287 127.144 
Crop Land 96.758 68.604 68.201 
Fallow Land 156.01 1 33.585 53.643 50.1 13 
Plantat ion / Orchards 3.677 5.338 4.912 
Agricul tural Farm 1.368 0.874 2.002 1.918 
Forest Land 22.591 10.318 5.144 4.926 
Scattered Trees 22.092 8.697 4.119 3.923 
Open Forests 0.499 1.621 C025 1.003 
Waste Land 8.829 35.603 27.344 26,1 14 
Land with or without 7.917 35.086 27.344 26.1 14 
scrub 
Water logged area 0.912 0.52] 
Water Bodies 0.631 0.645 0.721 
Reservoir / Tank 0.631 0.645 0.721 
Others 1.627 6.146 4 .777 4.034 
Brick kiln 1.368 2.105 4.165 4.861 
Under Construct ion 0.885 . - -
Monuments 0.151 0.343 0.394 0.358 
Slaughter House 0.108 0.313 0.518 0.815 
Total Frame Area 218.436 218.436 218.436 218.436 
* The digitally delineated builtup area of Aligarh City extends 
beyond the municipal limits. Hence, the area does not correspond with the 
municipal figures. The city sprawl has been rapid after 1989. 
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T a b l e 7.2 g ives i n f o r m a t i o n on the p e r i o d i c u rban c h a n g e 
de t ec t ion of A l i g a r h ci ty in 3 t ime se r ies , v iz , 1971 to 1989; 
1989 to 1998 and f r o m 1998 - 2000 . In a d d i t i o n to it, the t ab le 
a lso f u r n i s h e s i n f o r m a t i o n on the ove ra l l u rban e x p a n s i o n f r o m 
1971 - 2000 . 
Table . 7.2 
T E M P O R A L U R B A N G R O W T H OF A L I G A R H C I T Y 
s . 
No 
Year 
i 
Database Urban 
Area 
(sq. 
km.) 
Urban 
Area 
Growth 
(sq. km.) 
% of 
Urban 
Growth 
1. 1971 Topographical map 28.01 
2. 1971-1989 SPOT (PLA) 33.383 5.373 9.77 
n J . 1989-1998 IRS ^ I C (PAN) 51.239 17.856 32.48 
4. 1998-2000 Merged (PAN + LISS 
III) 
55.497 4.258 7.74 
5. 1971-2000 All the Above 27.487 50.00 
The u rban land use / land cove r maps have been p r e p a r e d 
by the d i g i t a l l y merged images and us ing image i n t e r p r e t a t i o n 
t e c h n i q u e s , wh ich e n a b l e d to i d e n t i f y 6 c a t e g o r i e s of level I and 
20 c a t e g o r i e s of level II land use fo r S P O T ( P L A ) , I R S - I C 
( P A N ) and m e r g e d images . The su rvey of Ind ia t o p o g r a p h i c a l 
map he lped to i d e n t i f y 14 c a t e g o r i e s of land use . 
7.1 R U R A L E N V I R O N M E N T , I N F R A S T R U C T U R A L 
L A Y O U T A N D T H E L A N D U S E C H A N G E D E T E C T I O N 
B e f o r e r e s o r t i n g to the u l t ima te ana lys i s of u r b a n land use 
c h a n g e d e t e c t i o n and the si te su i t ab i l i t y ana ly s i s fo r f u t u r e land 
use p l a n n i n g , it is i m p o r t a n t to t ake s t o c k of the ru ra l 
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e n v i r o n m e n t and ag r i cu l tu ra l land use c h a n g e s t he re in . It is 
n e c e s s a r y to take a synop t i c v iew of the ex t en t of ag r i cu l tu r a l 
land f r o m 1971-2000 . In add i t ion to it, t he re is a l so a need to 
hold p e r c e p t i o n of c h a n g e s in the f o r e s t c o v e r a g e , Was t e l and 
c o v e r a g e , wa te r bod ies and the o the r m i s c e l l a n e o u s land use. 
T a b l e 7.3 shows the area and p e r c e n t a g e of the six main 
leve l I c a t ego r i e s of land use/ land cover in the s tudy a rea . 
T a b l e 7.3 
M A J O R L A N D USE/ L A N D C O V E R C A T E G O R I E S IN 
A L I G A R H ( 1 9 7 1 - 2 0 0 0 ) 
s . 
N o 
L a n d u s e / L a n d 
c o v e r C l a s s e s 
1971 1 9 8 9 1 9 9 8 2 0 0 0 
A r e a 
( s q . 
k m . ) 
% to 
t h e 
t o t a l 
a r e a 
A r e a 
( s q . 
k m . ) 
% t o 
t h e 
t o t a l 
a r e a 
A r e a 
( s q . 
k m . ) 
% t o 
t h e 
t o t a l 
a r e a 
A r e a 
( s q . 
k m . ) 
% to 
t h e 
t o t a l 
a r e a 
1. B u i 1 t u p 2 8 . 0 1 1 2 . 8 
3 
3 3 , 3 8 3 1 5 , 7 2 5 1 . 2 3 9 2 3 . 4 5 5 5 . 4 9 7 2 5 . 4 0 
2 . A g r i c u l t u r a l 
L a n d 
1 5 7 , 3 7 
9 
7 2 . 0 
4 
1 3 2 , 3 9 
1 
6 0 , 6 0 1 2 9 . 2 8 
7 
5 9 . 0 0 1 2 7 . 1 4 
4 
5 8 . 2 0 
- ) J . F o r e s t L a n d 2 2 . 5 9 1 1 0 . 3 
4 
1 0 . 3 1 8 4 , 7 2 5 . 1 4 4 2 . 3 6 4 . 9 2 6 ^ 2 7 2 5 
4 . W a s t e L a n d 8 . 8 2 9 4 , 0 4 3 5 , 6 0 3 1 6 , 3 0 2 7 . 3 4 4 1 2 . 5 2 2 6 . 1 14 1 1 . 9 5 
5 . W a t e r b o d i e s - - - - 0 , 6 3 ] 0 , 2 9 0 . 6 4 3 0 . 3 0 0 . 7 2 1 0 . 3 3 
6 . O t h e r s 1 . 6 2 7 0 . 7 5 6 , 1 4 6 2 . 8 2 4 . 7 7 7 2 . 1 9 4 . 0 3 4 1 . 8 4 
In the i m m e d i a t e v i c in i ty of A l i g a r h Ci ty a c o n s i d e r a b l e 
land use c h a n g e s have been w i t n e s s e d . The a g r i c u l t u r a l a rea has 
d e c r e a s e d f o r m 157.379 sq .km. in 1971 ( f i g u r e 7 .1 ) to 132 .391 
s q . k m . in 1989 ( f i g u r e 7 .2) . The a g r i c u l t u r a l a rea f u r t h e r 
d e c r e a s e d to 129.287 sq .km. in 1998 ( f i g u r e 7 .3 ) . A g r i c u l t u r a l 
a rea c o n t i n u e d to dec l i ne to 127 .144 sq .km. in the year 2 0 0 0 
( f i g u r e 7 .4) . The d e c l i n e ra te in the a g r i c u l t u r a l land va r i ed 
f r o m t ime to t ime in the 3 c h a n g e d e t e c t i o n s e r i e s . In the f i r s t 
2 9 2 
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p h a s e of c h a n g e de tec t ion f rom 1971-1989 the d e c l i n e ra te in 
the a g r i c u l t u r a l land was most rapid. In the s econd phase of 
c h a n g e d e t e c t i o n du r ing 1989-1998 the d e c l i n e in the 
a g r i c u l t u r a l land was c o n s i d e r a b l y r e s t r a ined . H o w e v e r , d u r i n g 
the th i rd p h a s e of l anduse c h a n g e de t ec t i on f r o m 1 9 9 8 - 2 0 0 0 the 
a g r i c u l t u r a l land aga in dec l ined rap id ly , t h o u g h th i s d e c l i n e was 
c o m p a r a t i v e l y s lower than the dec l ine in the f i r s t p h a s e . 
A n o t h e r i m p o r t a n t land cover , name ly f o r e s t land has a l so 
s h o w n c o n t i n u o u s dec r ea se f o r m 22 .591 sq. km. in 1971 ( f i g u r e 
7 .5) to 10.318 sq. km. in 1989 ( f i g u r e 7 .6) . The f o r e s t cove r 
f u r t h e r d e c r e a s e d to 5 .144 sq, km. by 1998 ( f i g u r e 7 .7) . The 
f o r e s t a r ea f u r t h e r d e c r e a s e d to 4 .926 sq. km. in the year 2000 
( f i g u r e 7 .8) . The dec l ine ra te in the f o r e s t land w a s c o n s i s t e n t in 
the ea r l i e r p h a s e s . It s h o w e d a s lowed down d e c r e a s e in the 
f o r e s t c o v e r in the last phase . In the f i r s t p h a s e of c h a n g e 
d e t e c t i o n f r o m 1 9 7 1 - 1 9 8 9 the dec l ine ra te in the f o r e s t c o v e r 
w a s m o s t r ap id . In the second phase du r ing 1 9 8 9 - 1 9 9 8 the f o r e s t 
land d e c l i n e ra te was a shade s lower . 
It w o u l d be seen la te r , if the re is a d i r ec t l y p r o p o r t i o n a t e 
r e l a t i o n s h i p b e t w e e n the i nc rea se in the b u i l t u p u r b a n area and 
the d e c r e a s e in the f o r e s t cover . We have a l so to e x a m i n e the 
k ind of c a u s e and e f f e c t r e l a t i o n s h i p b e t w e e n the u r b a n area 
i n c r e a s e and an i n c o n s i s t e n t dec r ea se in the a g r i c u l t u r a l a rea . 
T h e r e is a g e n e r a l u n d e r s t a n d i n g of the u r b a n e x p a n s i o n , as a 
d i r ec t e n c r o a c h m e n t upon the ag r i cu l t u r a l and the f o r e s t l ands . 
T h e p r e s e n t ana lys i s is i n t ended to m e a s u r e the s h i f t s in 
d i f f e r e n t l a n d u s e or land cove r c a t e g o r i e s and a m u t u a l 
r e l a t i o n s h i p of c h a n g e s , if any. This may p r o b a b l y he lp r e m o v e 
s o m e of t he p r e v a l e n t m i s u n d e r s t a n d i n g s . It m i g h t pave w a y fo r 
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a be t te r u n d e r s t a n d i n g of land use c h a n g e s in the r u r a l - u r b a n 
f r i n g e a reas . 
Here , it is s i g n i f i c a n t to note that the w a s t e l a n d c o v e r a g e 
has d e m o n s t r a t e d an inc rease f r o m 8 .829 sq. km in 1971 ( f i g u r e 
7 .9) to 35 .603 sq. km. in 1989 ( f i g u r e 7 .10) . Such a large 
i nc rea se in the ex ten t of w a s t e l a n d f r o m 1 9 7 1 - 1 9 8 9 cou ld par t ly 
be b e c a u s e of image d i s c r i m i n a t i o n aspec t . The d i s c r i m i n a t e d 
image was of the mon th of Apr i l 1989. It is the t i m e when Rabi 
c rops , mos t ly whea t , had been h a r v e s t e d and s o m e of the 
h a r v e s t e d p a t c h e s cou ld have been t aken for the w a s t e l a n d s . The 
1998 w a s t e l a n d map ( f i g u r e 7 .11) d i sp l ayed a d e c r e a s i n g t rend 
of 2 7 . 3 4 4 sq. km. This t rend of w a s t e l a n d dec l i ne m a i n t a i n e d to 
2 6 . 1 1 4 sq. km. in the year 2000 ( f i g u r e 7 .12) . The change 
d e t e c t i o n of w a s t e l a n d s du r ing the 3 c h a n g e d e t e c t i o n ser ies was 
h igh ly i r r egu la r . In the f i r s t p h a s e of c h a n g e d e t e c t i o n f rom 
1 9 7 1 - 1 9 8 9 the re was a very r ap id ra te of i n c r e a s e in the ex ten t 
of the w a s t e l a n d . In the second p h a s e of c h a n g e d e t e c t i o n du r ing 
1989 -1998 there was a f a i r l y r ap id d e c r e a s e in the ex ten t of 
w a s t e l a n d . In the th i rd p h a s e of c h a n g e d e t e c t i o n d u r i n g 1998-
2 0 0 0 the ex ten t of w a s t e l a n d c o n t i n u e d to d e c l i n e , t hough the 
d e c l i n i n g ra te was m o d e r a t e . Th i s d e c r e a s i n g t r e n d in the 
e x t e n s i o n of w a s t e l a n d s du r ing the last two p h a s e s cou ld be 
a t t r i b u t e d to seve ra l land r e c l a m a t i o n s c h e m e s and the use of 
i m p r o v e d a g r i c u l t u r a l t e c h n i q u e s a d o p t e d by the f a r m e r s wh ich 
e n a b l e d them to u t i l i ze the w a s t e l a n d s . Some of the ch ron i c 
w a s t e l a n d s seem to have g iven way fo r u r b a n b u i l t u p a reas . 
A n o t h e r r e a s o n for th is a p p a r e n t d e c r e a s e in the w a s t e l a n d could 
be due to fac t that the s u b s e q u e n t sa te l l i t e i m a g e s were of the 
pos t - m o n s o o n per iod w h e n mos t of the f i e l d s are g reen and a 
f e w w a s t e l a n d p a t c h e s were d i s c r i m i n a t e d as a g r i c u l t u r a l land 
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fo r r e a s o n s of mis s ing the g round trutli v e r i f i c a t i o n s . H o w e v e r . 
such minor lapses are gene ra l ly u n a v o i d a b l e . 
7.1 .1 . R O A D A C C E S S I B I L I T Y A N D R U R A L - U R B A N 
C H A N G E 
A c c e s s i b i l i t y to m a j o r roads or the d i s t a n c e t r ave l l ed to 
h a r n e s s g o o d s and se rv ices is an i m p o r t a n t f a c t o r in u rban 
l a n d u s e p l ann ing . This is a c ruc i a l f a c t o r b e c a u s e the 
s e t t l e m e n t s tend to deve lop in c o m m u n i o n wi th roads . The 
d e v e l o p m e n t po ten t i a l of an a rea is h ighe r if it has a g rea te r 
p r o x i m i t y to the ex i s t i ng roads . If the d i s t a n c e of an area f r o m 
the road is more then the w a l k i n g d i s t a n c e the po ten t i a l fo r 
s e v e r a l l anduse ca t ego r i e s is r e d u c e d F i g u r e 7 .13 r e p r e s e n t s the 
d i g i t i s e d roads in the s tudy a rea . It is a good index for the 
ana ly s i s of acces s ib i l i t y in and a r o u n d the c i ty of A l i g a r h . The 
d i s t a n c e su i t ab le for the f u t u r e a l l o c a t i o n of u r b a n l anduse 
c a t e g o r i e s , pa r t i cu l a r l y the new r e s i d e n t i a l s i t e s can be 
c a l c u l a t e d and a l ikewise p l a n n i n g can be done . 
The n e t w o r k of m a j o r and m o t o r a b l e roads in the s tudy 
a rea spans to a l eng th of 244 kms . A to ta l road l e n g t h of 244 
kms . in an area of 2 1 8 . 4 3 6 sq. kms. d e m o n s t r a t e s a f a i r ly good 
n e t w o r k of r u r a l - u r b a n l i nkages . The re is an a v e r a g e road l eng th 
1 .117 kms . per sq. km. in the a rea . A n y f i g u r e a b o v e 1 is a 
f a i r l y good index of road length . Such a g o o d n e t w o r k of 
l i n k a g e s f a c i l i t a t e s a hand some a m o u n t of r u r a l - u r b a n 
i n t e r a c t i o n . The i n t e r ac t i on w o u l d e n g i n e e r a good dea l of ru ra l -
u r b a n c h a n g e . The m u n i c i p a l road n e t w o r k in s ide the c i ty of 
A l i g a r h is in add i t i on to the a b o v e road i n d e x . It is f a i r l y 
r e a s o n a b l e to be l i eve that the d e n s i t y of m u n i c i p a l roads in 
A l i g a r h Ci ty shou ld be c o n s i d e r a b l y h i g h e r than the road d e n s i t y 
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of 1.117 kms in the s tudy area . The m u n i c i p a l road length , 
i nc lud ing all sorts of s t ree t s and n a r r o w l anes , has been 
r eco rded to an inc red ib le to ta l l eng th of 6 4 0 . 4 9 4 k i l o m e t r e s in a 
bu i l t up area of 55 .497 sq. km. It l eads to c o m p u t e an average 
m u n i c i p a l road dens i ty of 1 1.541 kms. per sq. km. of the bu i l tup 
a rea in A l iga rh ci ty. 
7.1 .2 T R E N D S OF U R B A N L A N D U S E C H A N G E 
D E T E C T I O N 
The d i s t r i bu t ion and the a rea l ex t en t of d i f f e r e n t l anduse 
c a t e g o r i e s , pa r t i cu l a r ly the u rban l a n d u s e c a t e g o r i e s , have been 
e n q u i r e d . F igure 7.14 r evea l s that more than ha l f of the s tudy 
area in 1971 was occup ied by a g r i c u l t u r a l land . Ou t of 218 .436 
sq. km. a rea 157.379 sq. km. was i d e n t i f i e d as a g r i c u l t u r a l land 
wh ich a c c o u n t e d to 72 p e r c e n t of the s tudy a rea . W i t h i n the 
a g r i c u l t u r a l land, the land under c a t e g o r i e s of c r o p l a n d and 
f a l l o w land cons i s t ed of the m a j o r sha re of the l a n d u s e . A n o t h e r 
m a j o r c a t e g o r y of land use was the u r b a n b u i l t u p land. The 
bu i l t up land c o m p r i s e d an a rea of 28 .01 sq. km, a c c o u n t i n g to 
12.82 per cent of the to ta l s tudy a rea . Th i s i n d i c a t e s that the 
c i ty was wel l c o n f i n e d to its l imi t s and the p r o b l e m of u rban 
sp rawl was n o n - e x t e n t . The land cove r u n d e r t he f o r e s t s was 
2 2 . 5 9 1 sq. km. wh ich c o m p r i s e d 10.34 per cen t of the to ta l 
s tudy a rea . The w a s t e l a n d ma in ly i n c l u d i n g c u l t i v a b l e w a s t e l a n d 
was 8 .829 sq. km. , c o m p r i s i n g 4 .04 per cent of the s t u d y a rea . 
W i t h i n the u rban bu i l t up land of 2 8 . 0 1 sq. km. , d i f f e r e n t 
u rban land use ca t ego r i e s h a v e been s h o w n in t ab l e 7.4 

jsxu 
i) Res iden t i a l a rea iiad the la rges t u rban o c c u p a n c e of 
21 .927 sq .km. , wh ich was 78 .28 per cen t of the to ta l 
u rban a rea . 
ii) C o m m e r c i a l area could not be de l i nea t ed s e p a r a t e l y on the 
maps in the t r ad i t i ona l wa l led c i t i es l ike A l i g a r h where the 
r e s iden t i a l s t r u c t u r e s ove r l ay the c o m m e r c i a l u n d e r t a k i n g s 
in many in s t ances . H e n c e , the re was the r e s e r v a t i o n of not 
a s s e s s i n g the same area twice . H o w e v e r , t h r o u g h c a r e f u l 
f i e ld o b s e r v a t i o n s the C o m m e r c i a l area w a s t e n t a t i v e l y 
e s t ima t ed as a s epa ra t e l anduse ca t ego ry . T h e c o m m e r c i a l 
a rea was e s t i m a t e d to be 2 .152 sq. km. , w h i c h r e p r e s e n t e d 
7 .68 per cent of the to ta l u rban a rea . 
ii i) E d u c a t i o n a l and in s t i t u t i ona l a rea c o m p r i s e d 1.652 sq. 
km. , w h i c h r e p r e s e n t e d only 5.89 per cent of the to ta l c i ty 
a rea . 
iv) Vacant urban land had coverage of 1.324 sq. km. it represented 4.72 
per cent of the urban land. 
T a b l e 7.4 
P E R C E N T A G E U R B A N C L A S S E S TO T H E T O T A L U R B A N 
A R E A ( 1 9 7 1 - 2 0 0 0 ) 
Urban 
landuse 
1971 1989 1998 2000 
Residential 78.28 74.11 73.77 73.67 
Commercial 7.68 10.18 10.54 10.62 
Educational 5.89 6.98 7.12 7.18 
Industrial 2.00 6.53 6.69 6.87 
Recreat ional 1.43 0.96 0.89 0.87 
Vacant 4.72 1.24 0.99 0.79 
Total urban 
land 
100.00 100.00 100.00 100.00 
v) Indus t r i a l area r eg i s t e red an ex t en t of on ly 0 .561 sq. km. 
Th i s r ep re sen ted a mere 2 per cent of the u rban e x p a n s e in 
1971. 
vi) R e c r e a t i o n a l area c o m p r i s e d a m e a g r e e x t e n t of 0 .394 sq. 
km. This c lass n o m i n a t e d only 1.43 per cen t of the bu i l tup 
a rea in 1971. 
F igu re 7.15 shows the land use / land c o v e r s i t ua t i on of 
the s tudy area in the year 1989. The sa te l l i t e i m a g e gene ra t ed 
i m f o r m a t i o n was on a h ighe r spa t ia l r e s o l u t i o n f r o m S P O T 
( P L A ) imagery . As c o m p a r e d to the p r e v i o u s m a p of 1971, this 
map r evea l s the l anduse / l a n d c o v e r s i t u a t i o n a f t e r an in te rva l of 
18 years . Here , it is i n t ended to e x a m i n e a c a u s a l r e l a t i o n s h i p 
b e t w e e n u rban area change and the l anduse c h a n g e in the 
a g r i c u l t u r a l and f o r e s t r y sec to r s . A m o n g s t the m a j o r l anduse / 
l a n d c o v e r c a t ego r i e s , the a g r i c u l t u r a l land has s h o w n a dec r ea se 
to 132 .391 sq. km. , wh ich has d e c r e a s e d f r o m 72 per cent 
c o v e r a g e to 60 .6 per cent of the to ta l a rea . The f o r e s t land has 
d e c r e a s e d to an ex ten t of 10 .318 sq. km. W h i c h is a dec l ine 
f r o m 10.34 p e r c e n t in 1971 to 4 .72 per cent in 1989. On the 
o the r land the u rban b u i l t u p a rea has r e g i s t e r e d a nomina l 
g r o w t h f r o m 28 .01 sq. km in 1971 to 33 .383 sq. km. by 1989. 
The net u rban area g r o w t h is up to 5 .373 sq. km w h e r e as the 
n e g a t i v e g rowth in the a g r i c u l t u r a l p lu s f o r e s t a r ea is of the 
o r d e r of 37 .261 sq. km. The u rban bu i l t up a rea g r o w t h is not 
c o r r e s p o n d i n g to the n e g a t i v e g r o w t h in the a g r i c u l t u r a l and the 
fo re s t a rea . This i nd i ca t e s tha t a c o n s i d e r a b l e l anduse / 
l a n d c o v e r r e s h u f f l i n g has t aken p l ace w i th in the n o n - b u i l t u p 
ru ra l s cena r io . A l t h o u g h , the re is a l w a y s s o m e r e l a t i o n s h i p 
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b e t w e e n the urban expans ion and the ag r i cu l t u r a l a rea loss in 
the c i ty f r i n g e areas of the ag r i cu l tu r a l r e g i o n , h o w e v e r , one 
c a n n o t e s t ab l i sh a l inear r e l a t i o n s h i p b e t w e e n the pos i t i ve 
g r o w t h of the urban land and the n e g a t i v e g r o w t h in the 
a g r i c u l t u r a l and fo res t land in this s tudy. The n e g a t i v e g rowth in 
the a g r i c u l t u r a l land appea r s more akin to the p o s i t i v e g r o w t h in 
the w a s t e l a n d c o v e r a g e of 8 .829 sq. km. in 1971 to 35 .603 sq. 
km. in 1989. This also ind ica t e s an inhe ren t d e t e r e o r a t i o n in the 
a g r i c u l t u r a l sec to r ra ther than a m a j o r u rban e n c r o a c h m e n t and 
o n s l a u g h t over the rura l l ands . 
The d i f f e r e n t u rban l a n d u s e c l a s s e s had the 
f o l l o w i n g o c c u p a n c e in A l iga rh by the year 1989. 
i) R e s i d e n t i a l a rea had aga in the l a rges t o c c u p a n c e of 24 .741 
sq. km. This r e p r e s e n t e d 74 .11 pe r cen t of the to ta l u rban 
a rea . 
ii) C o m m e r c i a l area was e s t ima t ed to be 3 .400 sq. km. This 
a c c o u n t e d to 10.15 per cent of the to ta l u rban e x p a n s e . 
i i i) E d u c a t i o n a l and in s t i t u t iona l area c o m p r i s e d 2 . 3 3 1 sq. km. 
Th i s r e c o r d e d 6 .98 per cent of the to ta l c i ty a rea . 
iv) V a c a n t land had a pa l t ry c o v e r a g e of 0 .410 sq. km. This 
had n o w 1.24 per cent share of the u r b a n a rea . 
v) I n d u s t r i a l area r eg i s t e r ed an ex ten t of as m u c h as 2 .180 sq. 
km. Th i s r e p r e s e n t e d 6 .53 per cent of the to ta l u r b a n a rea . 
vi) R e c r e a t i o n a l a rea c o m p r i s e d a m e a g r e ex t en t of 0 .321 sq. 
km. Th i s c lass had mere ly 0 .96 per cen t of the to ta l 
b u i l t u p a rea in 1989. 
3 1 4 
Figu re 7 .16 d e m o n s t r a t e s the l anduse / l a n d c o v e r s cena r io 
of A l i g a r h and its i m m e d i a t e s u r r o u n d i n g s fo r the year 1998. 
Th i s map g e n e r a t e s the i n f o r m a t i o n a f t e r an in te rva l of about 9 
yea r s . H o w e v e r , the mer i t of this map i n f o r m a t i o n is because of 
its s t i l l h ighe r spa t ia l r e s o l u t i o n of 5.8 me t r e s f r o m I R S - I C 
( P A N ) sa te l l i t e image . The ag r i cu l t u r a l land use c o v e r s an area 
of 129 .287 sq. km. , w h i c h is st i l l more than ha l f of the to ta l 
s t u d y a rea . It r e p r e s e n t s 59 .18 per cent of the to ta l a r ea . D u r i n g 
th i s span of 9 years a g r i c u l t u r a l l anduse s h o w s s igns of 
r e s t o r a t i o n because the d e c r e a s e in a g r i c u l t u r a l land is marg ina l 
to an o rde r of 3 .104 sq. km. , as c o m p a r e d to a m a s s i v e d e c r e a s e 
of 2 4 . 9 8 8 sq. km. d u r i n g the p r e v i o u s 18 years . On the o ther 
hand , the u rban bui l t up area du r ing the last 9 yea r s s h o w e d 
a n o t h e r m a j o r i nc rea se of 17.856 sq. km. f r o m 3 3 . 3 8 3 sq. km. in 
1989 to 51 .239 sq. km. in 1998. Here aga in , we see tha t the re is 
no s i g n i f i c a n t r e l a t i o n s h i p b e t w e e n the bu i l t up a rea i n c r e a s e and 
the a g r i c u l t u r a l a rea d e c r e a s e . The u r b a n area i n c r e a s e seems to 
be at the e x p a n s e of open vacan t a rea , w a s t e l a n d on the c i ty 
f r i n g e and a rea unde r s ca t t e r ed t r ees . It is ev iden t t h r o u g h the 
m a p that the a rea unde r o p e n - v a c a n t land , s ca t t e r ed t rees and the 
w a s t e l a n d s has s h o w n a d e c r e a s e . One can a lso i d e n t i f y the 
p a t c h e s unde r t h e s e c a t e g o r i e s of land in 1989 w h i c h h a v e g iven 
w a y to u r b a n bu i l t up p a t c h e s in the map of 1998. T h u s , one 
s h o u l d be very w a t c h f u l and c a r e f u l in a s s i g n i n g a d i r ec t l y 
p r o p o r t i o n a t e r e l a t i o n s h i p b e t w e e n the u rban e x p a n s i o n and the 
a g r i c u l t u r a l and f o r e s t a rea loss. 
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The 1998 scenar io of u rban i anduse c l a s s e s in Ai igar l i is 
g i v e n be low. 
i) R e s i d e n t i a l area , u n d e r s t a n d a b l y , had once more the 
l a rges t o c c u p a n c e , c o m p r i s i n g 3 7 . 7 9 6 s q . k m . This had a 
share of 73 .77 per cent of the to ta l u r b a n a rea . 
ii) C o m m e r c i a l area in the cit}' was f o u n d to c o m p r i s e 5 .396 
sq. km. This a c c o u n t e d to 10.54 per cent of the to ta l urban 
e x p a n s e . 
i i i ) E d u c a t i o n a l and i n s t i t u t i ona l area r e c o r d e d 3 . 6 5 0 sq. km. 
Th i s c o m p r i s e d 7.12 per cent of the to ta l c i ty a rea . 
iv) V a c a n t land s h o w e d a r e g u l a r l y d e c r e a s i n g c o v e r a g e in 
A l i g a r h ci ty. It had an o c c u p a n c e ove r an a r ea of 0 .499 sq. 
km. The p e r c e n t a g e share of the v a c a n t land w a s a meag re 
0 .99 per cent to the to ta l u rban a rea . 
v) I ndus t r i a l area r eg i s t e r ed an ex ten t of as m u c h as 3 .428 sq. 
km. This r e p r e s e n t e d 6.69 per cent of the to ta l u r b a n area . 
vi) R e c r e a t i o n a l area c o n s i s t a n t l y c o m p r i s e d a m e a g r e a rea of 
0 .459 sq. km. This c lass had a m e r e 0 .89 p e r c e n t of the 
to ta l u r b a n area . 
F i g u r e 7.17 i l l u s t r a t e s the land use / land c o v e r of A l i g a r h 
ci ty and the f r i n g e area for the year 2000 . Th i s f i g u r e r ev i s i t s 
the a rea on ly a f t e r a b r ie f in t e rva l of 2 yea r s . As a r e s u l t of it no 
c o n s e q u e n t i a l change d e t e c t i o n is e n v i s a g e d . H o w e v e r , th is map 
is g e n e r a t e d t h r o u g h the f u s e d i m a g e s of I R S - I D ( P A N ) 
F e b r u a r y 1999 and the I R S - I D ( L I S S III) M a r c h 2 0 0 0 sa te l l i t e 
da ta p r o d u c t s . The a g r i c u l t u r a l land use c o v e r s an a rea of 
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127 .144 sq .km which still ma in t a in s the g r e a t e r ha l f of the s tudy 
a rea . The ag r i cu l tu ra l area r ep re sen t s 58.2 per cent of the tota l 
a r ea . The net dec rease of ag r i cu l t u r a l a rea d u r i n g the pe r iod of 2 
yea r s was 2 .143 sq. km. H o w e v e r , it is s i g n i f i c a n t to no te that 
the per a n n u m agr i cu l tu ra l area d e c r e a s e d u r i n g 1998 and 2000 
w a s at the ra te of 1.073 sq. km. as aga in s t a t o t a l d e c r e a s e of 
3 .104 sq. km. du r ing a 9 years pe r iod f r o m 1989 to 1998 at the 
r a t e of 0 .344 sq. km. per year . Thus , the a g r i c u l t u r a l a rea loss 
f r o m 1998 to 2000 was c o n s i d e r a b l y h i g h e r , n e a r l y 3 t imes 
h i g h e r , t h a n du r ing the per iod f r o m 1989 to 1998. As aga ins t 
t h i s , the u rban bu i l tup land du r ing the c o r r e s p o n d i n g two years 
has s h o w n a net area growth of 4 .258 sq. km. , w i th a per annum 
g r o w t h ra te of 2 .129 sq. km. This u r b a n e x p a n s i o n of 4 .258 sq. 
km. in c o m p a r i s o n to ag r i cu l t u r a l a rea loss of 2 . 1 4 3 sq. km. 
d u r i n g 1998 to 2000 makes s i g n i f i c a n t r e v e l a t i o n s . This 
c o m p a r a t i v e ana lys i s aga in a s se r t s tha t t h e r e , is s c a r c e l y a 
p r o p o r t i o n a t e r e l a t i o n s h i p b e t w e e n the u r b a n e n c r o a c h m e n t and 
the a g r i c u l t u r a l area loss in the s tudy a rea . 
In the f o u r t h t ime ser ies , in the year 2 0 0 0 , t he u rban 
l a n d u s e c l a s se s had the f o l l o w i n g c o v e r a g e . 
i) R e s i d e n t i a l area r egu la r ly has the l a r g e s t ex t en t . It 
c o m p r i s e s 40 .885 sq. km. , w h i c h had a s h a r e of 73 .67 per 
cent of the tota l u rban area . 
ii) C o m m e r c i a l area of the c i ty w a s f o u n d to h a v e a c o v e r a g e 
of 5 .898 sq. km. This a c c o u n t e d to 10.62 pe r cen t of the 
to ta l u rban expanse . 
i l l) E d u c a t i o n a l and i n s t i t u t i ona l a rea had an o c c u p a n c e of 
3 .987 sq. km. This c o n s i s t e d of 7 .18 pe r cen t of the to ta l 
c i ty area . 
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iv) V a c a n t land had c o v e r a g e of 0 .426 sq. km. by the yea r 
2000 . It had a share of 0 .79 per cen t of the to ta l u rban 
a rea . 
v) Indus t r i a l area r eg i s t e red an ex t en t of as m u c h as 3 .818 
sq .km. It c o m p r i s e d 6 .87 per cent of the to ta l u rban area . 
vi) R e c r e a t i o n a l area c o n s i s t a n t l y had a m a r g i n a l c o v e r a g e . It 
r e c o r d e d an area of 0 .483 sq .km. Th i s c a t e g o r y m e r e l y had 
0 .87 per cent of the to ta l a rea of A l i g a r h . 
It can be no ted that the re was a r egu l a r g r o w t h of the 
r e s i d e n t i a l a rea . St i l l , h o w e v e r , the p e r c e n t a g e c o v e r a g e of the 
r e s i d e n t i a l a rea to the to ta l u rban area had a c o n s t a n t d e c r e a s e . 
T h e r e h a p p e n s to be a normal t rend in the g r o w i n g c i t i es of 
5 0 0 , 0 0 0 to 1000 ,000 p o p u l a t i o n s . As A l i g a r h l ends in th is 
p o p u l a t i o n r ange the p e r c e n t a g e r e s i d e n t i a l a rea is d e c r e a s i n g in 
f a v o u r of o ther l anduse c a t e g o r i e s such as c o m m e r c i a l a rea , 
i n d u s t r i a l area and e d u c a t i o n a l a rea w h o s e p e r c e n t a g e 
o c c u p a n c e is r e g u l a r l y g r o w i n g . This s e e m s to be a p o s i t i v e s ign 
of the c i ty g rowth . The ra te of the r e s i d e n t i a l a r ea p e r c e n t a g e 
d e c r e a s e in the f i r s t p h a s e of 1 9 7 1 - 1 9 8 9 w a s v e r y r ap id . The 
d e c r e a s i n g p e r c e n t a g e of r e s i d e n t i a l c o v e r a g e m i g h t be due to 
the fac t tha t the land p r i ces c o n s i s t e n t l y shot up d u r i n g 1971-
1989. H e n c e , p e o p l e could a f f o r d to buy s m a l l e r p lo t s of 
r e s i d e n t i a l land. The s u b s e q u e n t g r o w t h in land p r i c e s g r o o m e d 
a t r a d i t i o n of smal le r r e s iden t i a l p lo t s . Th i s is h o w the in te rna l 
m o r p h o l o g i c a l s t ruc tu re of the c i ty u n d e r g o e s c h a n g e s a m o n g 
d i f f e r e n t f u n c t i o n a l l anduse c l a s se s . T h u s , in all t he t ime ser ies 
one c o u l d w i tne s s an a l l - r o u n d p e r c e n t a g e d e c r e a s e of 
r e s i d e n t i a l a rea f r o m 1971 -2000 . The p e r c e n t a g e sha re of the 
r e s i d e n t i a l area r a n g e d f r o m 78 .28 per cent in 1971 to 7 3 . 6 7 per 
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cen t in the year 2000 . Th i s showed that the r e s i d e n t i a l area 
c o v e r a g e r e m a i n e d more than 70 p e r c e n t of the total u rban land 
all a l o n g the enqu i ry pe r iod . 
The d i s t i nc t i ve f e a t u r e of the c o m m e r c i a l a rea was g rowth 
in bo th the a g g r e g a t e and p e r c e n t a g e sha re of the to ta l u rban 
a rea in all the land use c h a n g e d e t e c t i o n se r i e s f r o m 1971 to 
2 0 0 0 . The p e r c e n t a g e sha re of c o m m e r c i a l a rea r a n g e d f rom 
7.68 per cent in 1971 to 10.62 per cent in the year 2000 . 
C o m m e r c i a l a rea had the s e c o n d l a rges t u r b a n c o v e r a g e all 
t h r o u g h the enqu i ry . The c o m m e r c i a l a rea g r o w t h was b r i sk 
d u r i n g the f i r s t p h a s e of 1971 -1989 . T h o u g h it has s l o w e d down 
a bit in the s u b s e q u e n t p h a s e s but kep t a c o n s t a n t g r o w t h in 
1 9 8 9 - 1 9 9 8 and 1998-2000 . 
E d u c a t i o n a l and in s t i t u t i ona l a rea a lso s h o w e d a cons t an t 
i n c r e a s e in its a g g r e g a t e c o v e r a g e . The p e r c e n t a g e share of 
e d u c a t i o n a l a rea a lso s h o w e d a r e g u l a r i nc r ea se . It r a n g e d f r o m 
5 .89 per cent of the u r b a n area in 1971 to 7 .18 p e r c e n t area , 
d e m o n s t r a t e d a s teady g r o w t h in the f i r s t p h a s e of 1971 - 1989. 
H o w e v e r , i ts g r o w t h t r end b e c a m e s l u g g i s h , r a t h e r s t a g n a n t in 
the s econd p h a s e of 1 9 8 9 - 1 9 9 8 . This aga in s h o w e d s igns of 
i m p r o v e d g r o w t h du r ing the last p h a s e of 1 9 9 8 - 2 0 0 0 . 
I ndus t r i a l area a lso r e c o r d e d an i n c r e a s e in its a g g r e g a t e 
c o v e r a g e d u r i n g all the s t ages of c h a n g e d e t e c t i o n in A l i g a r h . 
The p e r c e n t a g e share of i ndus t r i a l a rea s h o w e d s igns of 
c o n t i n u o s g rowth . I ndus t r i a l c o v e r a g e r a n g e d f r o m 2 .00 per cent 
in 1971 to 6 .87 per cent in the year 2 0 0 0 . The p e r c e n t a g e share 
of i ndus t r i a l area d i sp l ayed a ve ry h i g h g r o w t h ra t e in the f i r s t 
p h a s e of 1971-1989 . Th i s g r o w t h ra t e had a l m o s t s t a g n a t e d 
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d u r i n g the second phase of 1 9 8 9 - 1 9 9 8 . H o w e v e r in the last 
phase of 1 9 9 8 - 2 0 0 0 this g rowth rate had aga in p icked up. 
As one can e n v i s a g e , the vacan t land in a g r o w i n g ci ty is 
on the s h r i n k a g e . The re was a c o n t i n u o u s d e c r e a s e in the ex ten t 
of vacan t land. The p e r c e n t a g e share of the v a c a n t a r ea was a lso 
on the dec l ine . The p e r c e n t a g e vacan t land r a n g e d f r o m 4.72 per 
cen t in 1971 to 0 .79 per cen t of the to ta l u rban area in 2000 . The 
p e r c e n t a g e share of vacan t land d e m o n s t r a t e d a h igh d e c l i n e ra te 
d u r i n g the f i r s t p h a s e of 1971-1989 . The d e c l i n e ra te had aga in 
a c c e l e r a t e d in the last p h a s e of 1 9 9 8 - 2 0 0 0 . 
R e c r e a t i o n a l a reas such as pub l i c pa rks and p l a y g r o u n d s 
are not on ly in a d e p l o r a b l e s ta te they are on the d e c l i n e as wel l . 
T h e r e is an u t te r m u n i c i p a l neg lec t of the r e c r e a t i o n a l lands . A 
n u m b e r of them have been a b a n d o n e d ove r the years . The 
p e r c e n t a g e share of the r e c r e a t i o n a l land is on the c o n t i n u o u s 
d e c l i n e . It r a n g e d f r o m a r e a s o n a b l e 1.43 per cent in 1971 to 
h i g h l y i n a d e q u a t e 0 ,87 per cent of the to ta l u r b a n area in the 
year 2000 . W h e n it is w e i g h e d aga ins t the c o r r e s p o n d i n g 
p o p u l a t i o n s ize . The p e r c e n t a g e share of r e c r e a t i o n a l a rea 
r e c o r d e d a r a the r h igh dec l ine ra te in the f i r s t p h a s e of 1 9 7 1 -
1989. This d e c l i n i n g ra te was c h e c k e d d u r i n g the s e c o n d p h a s e 
of 1 9 8 9 - 1 9 9 8 . It was aga in f o l l o w e d by a l i t t le h i g h e r d e c l i n i n g 
ra te in the th i rd p h a s e of 1 9 9 8 - 2 0 0 0 . 
F i g u r e 7 .18 d e m o n s t r a t e s a c u m u l a t i v e u r b a n s p r a w l of 
A l i g a r h ci ty f r o m 1971 to year 2000 . In 1971 the u r b a n a rea of 
A l i g a r h was 28 .01 sq. km. It was 12.8 per cent of t he to ta l s tudy 
a rea . By 1989 the b u i l t u p a rea of the c i ty had g r o w n to 33 .38 sq. 
km. D u r i n g th is pe r iod the net u rban g r o w t h w a s 5 .37 sq. km by 
3 2 2 
• o 
c 
o 
U) 
0) 
T- a> 00 o 
00 O) o 
o> o> o> o 
T - * - * - CM 
I 
mmma 
o 
( 0 
D ) 
O 
a 
( 0 
S 
a 
(0 
c 
( 0 
JQ 
s 
0) 
E o 
CM 
O) 
CO 
C3) 
•c 
Q. < 
CD 
O) 
O) 
<D 
, . < 
< 0) Q. 
E ^ 
g i i 
" f t 
Q. 
H 
o> TO ' e g 
^ 0) ^ 
-C f n ™ 
o ^ = 
z CO 
bio^ 
c 
3 
T3 
x: 
(U 
Q 
CO" 
c g 
S2 
b 
w 
o 
CD 
E 
>2 
c 
o 
(D 
O 
00 
tH • 
I 
(U p 
•H 
3 2 3 
1998 th i s bu i l t up area had g r o w n to 5 1.239 sq. km, e x h i b i t i n g a 
net u rban g rowth of 17.85 sq. km. In the last p h a s e of u rban 
g rowth by the year 2000 the bu i l tup a rea i n c r e a s e d to 55 .497 sq. 
km. The net u rban area g rowth in th is phase was 4 .26 sq. km. A 
p e r u s a l of the per annum urban g r o w t h ra te d u r i n g the th ree t ime 
se r i e s f u r n i s h e s u s e f u l i n f o r m a t i o n on the t u r n i n g p o i n t s in the 
bu i l t up a rea g rowth . In the f i r s t p h a s e of 1971 to 1989 the per 
a n n u m a v e r a g e urban g rowth ra te was 0.3 sq. km. In the second 
p h a s e of 1989 to 1998 the per a n n u m a v e r a g e u r b a n g r o w t h ra te 
was 1.98 sq. km. F ina l ly in the th i rd phase of 1998 to 2000 the 
per a n n u m ave rage u rban g r o w t h ra te was 2 .13 sq. km. The 
a b o v e ana lys i s r evea l s that the year 1990 was the t u r n i n g po in t 
of rap id u r b a n g rowth in the c i ty of A l i g a r h . The d e c a d e of 1990 
s h o w e d a c o n s i d e r a b l y rap id u rban g rowth . 
It has been o b s e r v e d that most of the u r b a n sp rawl of 
A l i g a r h has t aken p lace a long the h i g h w a y c o r r i d o r s . It is 
i n t e r e s t i n g to no te that desp i t e the h igh p r i ce s of l and a l o n g the 
m a j o r h i g h w a y s the u r b a n sp rawl is r ap id a d j a c e n t to the 
h i g h w a y c o r r i d o r s . I n f ac t , th is s p r a w l is on the h i g h l y v a l u a b l e 
a g r i c u l t u r a l l ands . The s t r ips of land a l o n g the h i g h w a y s are 
p o t e n t i a l l y v a l u a b l e fo r v e g e t a b l e and f r u i t f a r m i n g ra the r than 
ce r ea l c u l t i v a t i o n for the r e a s o n s of i m m e d i a t e t r a n s p o r t a t i o n 
f a c i l i t i e s . A w a y f r o m the h i g h w a y s , t o w a r d s the i n t e r io r , the 
p r i ce s of the land are low and thus it is e x p e c t e d tha t the u rban 
g r o w t h n o r m a l l y shou ld have t a k e n p l a c e ove r t he low p r i ced 
lands . But the ac tua l g r o w t h t rend r e v e a l s tha t the a c c e s s i b i l i t y 
is a m o r e i n f l u e n t i a l f a c to r in the u r b a n a rea e x p a n s i o n ra the r 
than the lower land p r i ces . 
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A t e m p o r a l m o n i t o r i n g of the u rban e x p a n s i o n f r o m 1 9 7 1 -
2000 r evea l s that bulk of the ci ty sp rawl has t aken p lace a long 
the Grand T runk Road (Sher Shah Suri R o a d ) the N a t i o n a l 
H i g h w a y wh ich pas ses t h rough the c o n g e s t e d hear t of the ci ty . 
Th i s is the mos t f a m o u s h i g h w a y of India and one of the bus ie s t 
t r unk roads in the coun t ry . This road , Fig 7 .13 , c o n n e c t s A l iga rh 
wi th De lh i in the n o r t h w e s t and K a n p u r via E tah in the sou th 
eas t p lus a n u m b e r of en rou t e c i t i e s . Th is h i g h w a y has the 
h ighes t c o m m e r c i a l g rav i ty for the c i ty of A l i g a r h . H e n c e , the 
c i ty sp rawl is m a x i m u m a long th is road . A l o n g th i s road , the 
c i ty e x p a n s e is over 13 kms. The bu i l t up a rea ha s g rown more 
t o w a r d s the s o u t h e a s t on E tah road sec t ion of th i s na t i ona l 
h i g h w a y . The indus t r i a l e x p a n s i o n is more t o w a r d s De lh i in the 
n o r t h w e s t . A n o t h e r m a j o r e x p a n s i o n is a long the Agra road in 
the sou th . M u c h of the e x p a n s i o n is c o m m e r c i a l , r e s i d e n t i a l and 
l ight i ndus t r i e s . Nex t longer e x p a n s i o n is a l o n g the R a m g h a t 
R o a d or A t r au l i road in the n o r t h e a s t . T h i s c o m p r i s e s 
a d m i n i s t r a t i v e and r e s iden t i a l e x p a n s i o n . A l t h o u g h th is 
e x p a n s i o n has not a c q u i r e d much wid th s t i l l , h o w e v e r , it goes to 
a c o n s i d e r a b l y f a r t h e r d i s t ance . The ci ty e x p a n s i o n a long the 
J a w a n or A n u p s h a h a r road in the nor th is a lso f a i r l y la rge wi th a 
r e l a t i v e l y b r o a d e r r i b b o n upto a d i s t a n c e of 2 k m s . M u c h of the 
u r b a n e x p a n s i o n a long th i s road is r e s i d e n t i a l b u i l d i n g s w h i c h 
are a d j a c e n t to A l i g a r h M u s l i m U n i v e r s i t y . 
An a l a r m i n g f e a t u r e of th i s c o n g e s t e d u r b a n e x p a n s i o n 
a long the h i g h w a y c o r r i d o r s , r igh t up to the b r im of the 
h i g h w a y s , on Agra and E tah roads in the sou th and s o u t h e a s t is 
tha t it has c a u s e d seve ra l h u r d l e s and ha l t s to the t r a f f i c 
mob i l i t y . The t r a f f i c mob i l i t y b e t w e e n A l i g a r h and A g r a and 
b e t w e e n A l i g a r h and E tah is f r e q u e n t e d wi th a n u m b e r of t r a f f i c 
b o t t l e n e c k s and u n a u t h o r i s e d hal ts . T h o u g h the g e o g r a p h i c a l 
d i s t a n c e b e t w e e n the c i t i e s r emains a lmos t the same , the t ime 
d i s t a n c e b e t w e e n A l i g a r h and Agra and b e t w e e n A l i g a r h and 
Etah has c o n s i d e r a b l y inc reased to the i n c o n v e n i e n c e in 
mob i l i t y . The na t iona l t r a f f i c mob i l i t y on the G r a n d Trunk road 
and the Agra road is very a d v e r s e l y a f f e c t e d by the bu i i tup 
e n c r o a c h m e n t on the br im of the road . Such an e n c r o a c h m e n t 
t akes a tol l of 25 -35 per cent ex t ra t ime on the t r a f f i c mob i l i t y 
b e t w e e n A l iga rh , Agra and Etah . 
An i m m i n e n t so lu t i on to such p r o b l e m s of t r a f f i c 
b o t t l e n e c k s and u n a u t h o r i s e d ha l t s at the e n t r a n c e of A l iga rh 
Ci ty w o u l d be the need to c o n s t r u c t by - pass r o a d s to f ac i l i t a t e 
the easy m o b i l i t y of non p a s s e n g e r t r a f f i c . The c o n s t r u c t i o n of 
f l y o v e r s on c r o s s r o a d s w o u l d he lp the m o b i l i t y of p a s s e n g e r 
t r a f f i c . The c o n s t r u c t i o n of a coup l e of c o n c e n t r i c r ing roads 
w o u l d c o n s i d e r a b l y he lp con ta in the ci ty e n c r o a c h m e n t a long 
the h i g h w a y s . R ing roads p lay a h igh ly i m p o r t a n t ro le of 
r e l i e v i n g e n c r o a c h m e n t p r e s s u r e s on the h i g h w a y s . R ing road 
w o u l d i m p r o v e the a c c e s s i b l i t y a i l - r o u n d the f r i n g e a r eas of the 
c i ty . Thus , the u rban e x p a n s i o n can be d i v e r t e d t o w a r d s the 
n e w l y o b t a i n e d h u g e o p e n - s p a c e s b e t w e e n the f r i n g e of the ci ty 
and the r ing roads . Th i s wou ld a lso f a c i l i t a t e a c o m p a c t and 
c o n d u c i v e ci ty g r o w t h r a the r than the g inger or l i nea r pa t t e rn 
g r o w t h a l o n g the h i g h w a y s , w h i c h is c a u s i n g g rea t many 
p r o b l e m s . The re is a need to i d e n t i f y the s i tes s u i t a b l e fo r the 
l ayou t of r ing roads a r o u n d A l i g a r h Ci ty . 
7.2. U R B A N S I T E S U I T A B I L I T Y A N A L Y S I S I N A L I G A R H 
In v i ew of the rap id p o p u l a t i o n g r o w t h and the e x p a n d i n g 
b u i i t u p a rea in A l i g a r h c i ty the re is an e m e r g e n t need to i d e n t i f y 
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new loca t ions for a su i t ab le and p l a n n e d u rban e x p a n s i o n 
t o w a r d s the s u r r o u n d i n g e n v i r o n m e n t s of the c i ty to secu re an 
e q u i l i b r a t e d blend of land u t i l i za t ion . If we c o m p a r e the urban 
area g r o w t h v i s -a -v i s u rban p o p u l a t i o n g r o w t h in A l iga rh ci ty, 
we noted that urban area g r o w t h has d o u b l e d , w h e r e a s the urban 
p o p u l a t i o n g rowth has nea r ly t r ip led d u r i n g 1 9 7 1 - 2 0 0 0 . Thus , 
the urban man- l and ra t io has u n f a v o u r a b l y d e c r e a s e d . Such a 
gap b e t w e e n the area and the p o p u l a t i o n g r o w t h in i t se l f is an 
i nd i ca to r of haphaza rd u rban sp rawl . 
The si te su i t ab i l i ty ana lys i s i n v o l v e s the i d e n t i f i c a t i o n and 
d e l i n e a t i o n of the p r io r i ty a reas for f u t u r e land u t i l i z a t i o n . The 
su i t ab l e land for urban f u n c t i o n a l use and its p r o p e r d i s t r i bu t i on 
p lays a vi tal role in the d e v e l o p m e n t o f t e n a b l e ci ty 
m o r p h o l o g y . A pe rusa l of the s e l ec t ed a t t r i b u t e s is n e c e s s a r y in 
o rde r to u n d e r s t a n d the role p l ayed by t hem in e v a l u a t i n g the 
po t en t i a l of land and in d e t e r m i n i n g the land use pa t t e rn . The 
l oca t i on and phys ica l se t t ing of the a rea , a c c e s s i b i l i t y to m a j o r 
roads and the l anduse / l a n d c o v e r c a t e g o r i e s h a v e b e e n t aken 
into a c c o u n t fo r the u rban si te su i t ab l e a n a l y s i s . 
The s tudy area has been d e l i n e a t e d in to six su i t ab i l i t y 
c l a s se s f o r the u rban e x p a n s i o n ( f i g u r e 7 .19) . Al l t he fou r m a p s 
n a m e l y , h y d r o g e o m o r p h o l o g y , so i l , r o a d a c c e s s i b i l i t y and 
l anduse map of 1998 were d ig i t a l l y o v e r l a y e d in order to 
g e n e r a t e the u rban site su i t ab l i t y m a p . T h e s u i t a b i l i t y map 
an lys i s of s ix su i t ab l i ty c l a s se s , v iz , e x c e l l e n t , ve ry g o o d , good , 
m o d e r a t e , poor and not r e c o m m e n d e d is g i v e n in t a b l e 7.5 
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Table . 7.5 
S U I T A B I L I T Y L A N D A N A L Y S I S 
S u i t a b i l i t y C l a s s e s A r e a ( s q . k m . ) A r e a ( % ) 
E x c e l l e n t 17.601 8 .06 
V e r y G o o d 5 1 . 5 8 9 2 3 . 6 2 
G o o d 16 .392 7 .50 
M o d e r a t e 8 .341 3 .82 
P o o r 0 . 0 6 3 0 . 0 3 
V e r y P o o r 0 . 0 0 0 0 . 0 0 0 
N o t r e c o m m e n d e d 124 .444 5 6 . 9 7 
T o t a l of a l l C l a s s e s 2 1 8 . 4 3 6 1 0 0 . 0 0 
The land wi th exce l l en t u rban su i t ab i l i t y c o v e r s 17 .601 sq. 
km. It c o v e r s 8.06 per cent of the to ta l s tudy a rea . The very 
good u rban su i t ab i l i t y land cove r s 51 .589 sq. km. It r e p r e s e n t s 
23 .62 per cent of the tota l a rea . The good s u i t a b i l i t y c lass was 
d e l i n e a t e d over an area of 16.392 sq. km. This r e p r e s e n t e d 7 .50 
per cen t of the to ta l a rea . W h e r e as m o d e r a t e and poor c lass 
u rban su i t ab i l i t y was on 8 .341 and 0 .063 sq. km. , r e s p e c t i v e l y 
w i th a p r o p o r t i o n a t e c o v e r a g e of 3 .82 per cent and 0 .03 per cent 
of the to ta l area . Area not r e c o m m e n d e d fo r any u r b a n land use 
was 124 .444 sq. km. , r e p r e s e n t i n g 56 .97 per cen t of the to ta l 
a rea . Th i s a rea was d e e m e d su i t ab le fo r a g r i c u l t u r a l o p e r a t i o n s . 
On ly 56 .97 per cent of the to ta l a rea was r e c o m m e n d e d fo r 
a g r i c u l t u r e in v i ew of the c o n s t a n t l y r i s ing a g r i c u l t u r a l y i e lds of 
c e r e a l s , p u l s e s and v e g e t a b l e s . I n f a c t , a rea u n d e r c e r e a l s in the 
r u r a l - u r b a n f r i n g e zone is l ike ly to f u r t h e r d e c r e a s e , and it 
w o u l d i n c r e a s i n g l y a t t rac t v e g e t a b l e c u l t i v a t i o n unde r the 
c h a n g i n g f o o d habi t s and the e n c o u r a g i n g m a r k e t m e c h a n i s m fo r 
n o n - c e r e a l c rops . M o d e r a t e to poor s u i t a b i l i t y l ands in the 
f r i n g e zone are ne i the r su i t ab le fo r a g r i c u l t u r e n o r fo r u rban 
l anduse . Such lands shou ld be t t e r be a l l o c a t e d f o r the f o r e s t 
p l a n t a t i o n s . If we c lub t o g e t h e r the e x c e l l e n t , v e r y good and 
good c a t e g o r y lands , we f ind 39 .18 per cent of t he to ta l a rea as 
h igh ly s u i t a b l e fo r u r b a n l anduse . M o d e r a t e l y and m a r g i n a l l y 
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su i t ab l e land c o m p r i s i n g 3 .85 per cent of the to ta l a rea has been 
i d e n t i f i e d for fo r e s t c o v e r a g e near the ci ty . 
In o rde r to avo id the c h o k i n g of h i g h w a y s f r o m the 
u r b a n e x p a n s i o n and so lv ing the p r o b l e m of t r a f f i c b o t t l e n e c k s , 
t he re is a need to c o n s t r u c t r ing roads at 4 and 6 k i l o m e t e r s 
f r o m t h e . c i t y cen t r e w i th su i t ab l e a c c e s s i b i l i t y s p o k e s . This wi l l 
he lp d ive r t the u rban e x p a n s i o n p r e s s u r e f r o m the h i g h w a y s to 
the n e w l y c rea ted spaces p o t e n t i a l l y su i t ab l e fo r r e s iden t i a l 
l anduse . Such p l a n n i n g i m p e r a t i v e s wou ld m o s t l ike ly lead to a 
c o m p a c t and c o m p o s i t e c i ty g rowth . 
SUMMARY AND CONCLUSION 
D i s t r i c t A l i g a r h is s i t u a t e d in t h e G a n g a - Y a m u n a D o a b of 
W e s t e r n U t t a r P r a d e s h . In t h e y e a r 1 9 9 8 , t h e d i s t r i c t w a s 
a d m i n i s t r a t i v e l y b i f u r c a t e d a n d c o m p r i s e d an a r e a o f 3 6 9 1 sq . k m . , 
w i t h a p o p u l a t i o n of 2, 4 4 9 , 597 p e r s o n s . N o w t h e d i s t r i c t c o n s i s t s of 
12 b l o c k s . T h e p r i n c i p a l t o w n in t h e d i s t r i c t f o r m a n y c e n t u r i e s , ha s 
b e e n A l i g a r h , w h i c h w a s k n o w n by t h e n a m e o f " K o l " or " K o i l " t i l l 
t h e 18" ' c e n t u r y . T h e t o w n s h i p o f K o i l is b e l i e v e d to h a v e c o m e in to 
e x i s t e n c e a f t e r 1 9 7 0 A . D . T h e d i s t r i c t , u n d e r d o m i n a n t l y a g r i c u l t u r a l 
e c o n o m y f o r c e n t u r i e s h a s w i t n e s s e d t h e e m e r g e n c e o f o v e r 1 ,756 
s m a l l h u m a n s e t t l e m e n t s of w h i c h , 6 h a v e a t t a i n e d t h e s t a t u s o f 
t o w n s , a n d A l i g a r h h a s a c q u i r e d t h e s t a t u s o f a c i t y w i t h n e a r l y 7 
l a k h p o p u l a t i o n . 
C o m m u n i t y D e v e l o p m e n t P r o g r a m m e , I n t e n s i v e I r r i g a t i o n a n d 
D e v e l o p m e n t o f i n f r a s t r u c t u r e f a c i l i t i e s h a d a p r o f o u n d i n f l u e n c e on 
t h e r u r a l - u r b a n f o r w a r d a n d b a c k w a r d l i n k a g e s o f A l i g a r h . A l i g a r h 
c i t y h a s w i t n e s s e d a c o r r e s p o n d i n g g r o w t h a n d p r o s p e r i t y in t h e 
i n d u s t r y , c o m m e r c e a n d t r a d e . G e n e r a l l y c o n c e n t r i c b u t o c c a s i o n a l l y 
s e c t o r a l g r o w t h h a s t a k e n p l a c e in t h e c i t y . A l i g a r h D e v e l o p m e n t 
A u t h o r i t y h a s D e v e l o p e d a f e w a r e a s a n d s t i l l m a n y c o l o n i e s a r e 
d e v e l o p i n g a r o u n d c i ty . T h e p h y s i c a l s e t t i n g a n d s i t e a r e r e s p o n s i b l e 
f o r t h e o r i g i n o f a t o w n . T h e n u m b e r o f i n h a b i t a n t s r e s i d i n g p l a y a 
v i t a l ro{e in t h e g r o w t h o f a b u i l t - u p o r g a n i s m . It is e v i d e n t t h a t t h e r e 
h a s b e e n a r a p i d g r o w t h o f p o p u l a t i o n d u r i n g 1 9 0 1 - 2 0 0 1 . T h e h i g h e s t 
g r o w t h r a t e h a s b e e n e x p e r i e n c e d in 1 9 9 1 . A n o t h e r s i g n i f i c a n t f a c t 
r e v e a l e d is t h a t t h e r o l e o f u r b a n i s a t i o n in t h e c i t y a c c e l e r a t e d f r o m 
1 9 4 1 . 
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T h e l a n d u s e p a t t e r n and a n a l y s i s o f t h e c i ty r e f l e c t s the 
e c o n o m i c p o s i t i o n and the r e l a t e d u r b a n p r o b l e m s . 1 o t h e w e s t o f the 
r a i l w a y l i n e t h e r e s i d e n t i a l a r e a f o r m p a r t o f t h e o ld c i t y w h e r e 
h o u s e s a r e o ld d e s i g n e d a n d by v i r t u e o f t h e i r a g e a r e m o r e o f t e n 
t h a n n o t in d i l a p i d a t e d c o n d i t i o n . T h e m a j o r p r o b l e m s a s s o c i a t e d 
w i t h t h e c o m m e r c i a l s t r u c t u r e a r e f o u n d in t h e m a i n b u s i n e s s a r e a -
C B D o f t h e c i t y . It h a s b e e n f o u n d t h a t b u s i n e s s a r e a p r e s e n t s 
h a p h a z a r d g r o w t h , a c o m p l i c a t e d u s e a n d o v e r c r o w d i n g . C e n t r i p e t a l 
f o r c e s h a v e led to h i g h c o n g e s t i o n o f s h o p s a l o n g n a r r o w r o a d s , l a n e s 
a n d by l a n e s . I n d u s t r i a l a r e a is b e i n g d e v e l o p e d in t h e n o r t h - w e s t e r n 
p a r t o f t h e c i t y , m o s t o f t h e c o t t a g e a n d h a n d i c r a f t i n d u s t r i e s a re 
l o c a t e d in i ts i n n e r a n d m i d d l e p a r t . T h e f a c t o r i e s s i t u a t e d in t h e 
c e n t r a l p a r t f a c e t h e p r o b l e m of s p a c e a n d t r a f f i c ' i n c o n v e n i e n c e . 
T h e y c r e a t e a i r p o l l u t i o n a n d u n h e a l t h y e n v i r o n m e n t . T h e r e is an 
u n e v e n d i s t r i b u t i o n o f e d u c a t i o n a l i n s t i t u t i o n s in t h e c i ty A l i g a r h . 
T h e t w o d e g r e e c o l l e g e s f o r b o y s a n d g i r l s a n d a f e w i n t e r m e d i a t e 
c o l l e g e s a r e l o c a t e d o n l y a l o n g g r a n d t r u n k r o a d ( G . T . R o a d ) , w h i c h 
s u f f e r s f r o m t r a f f i c c o n g e s t i o n . 
T h e c i t y p r e s e n t s a m i s e r a b l e s i t e of c o n g e s t i o n on t h e m a i n 
r o a d d u e to r a p i d g r o w t h o f p o p u l a t i o n , h a p h a z a r d d e v e l o p m e n t of 
t h e c i t y a n d e x p e c t e d i n c r e a s e in t h e h e t e r o g e n e o u s v e h i c u l a r t r a f f i c . 
T h e w h o l e s a l e M a n d i s o f A l i g a r h h a v e b e e n s h i f t e d t o t h e o u t s k i r t s 
o f t h e c i t y b u t t r a f f i c c o n g e s t i o n s t i l l c o n t i n u e s b e c a u s e s o m e 
i n d u s t r i e s a r e l o c a t e d in t h e c o r e o f t h e c i t y . T h e d r a i n a g e p r o b l e m of 
t h e c i ty is o f t e n a t t r i b u t e d to t h e t o p o g r a p h i c a l f e a t u r e s o f t h e l a n d to 
t h e l a n d d e p r e s s i o n in A l i g a r h . T h i s is a d e t e r m i n i s t i c a p p r o a c h of 
v i e w i n g t h e p r o b l e m s . S e v e r a l o t h e r c i t i e s a r e l o c a t e d in s i m i l a r 
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s i t u a t i o n bu t do no t d i s p l a y s u c h an a p p a l l i n g p r o b l e m of s e w e r a g e 
a n d s i m u l a t i o n as A l i g a r h C i t y d i s p l a y s . T h e r e a r e m a n y c i t i e s 
l o c a t e d on t h e g e o l o g i c a l l y w e l l - d e f i n e d d e p r e s s i o n s , s t i l l t h e 
d r a i n a g e p r o b l e m has b e e n a d m i n i s t r a t i v e l y w e l l t a k e n up t h e r e . D u e 
to r a p i d and u n p l a n n e d p o p u l a t i o n a n d i n d u s t r i a l g r o w t h , t h e p r o b l e m 
of w a s t e m a n a g e m e n t ha s b e c o m e s e v e r e . R e s i d e n t i a l , d o m e s t i c w a s t e 
f o r m s b u l k o f all t h e s o u r c e s o f s o l i d w a s t e p r o d u c e d in t h e c i t y . 
I m a g e p r o c e s s i n g t e c h n i q u e s o f d i g i t a l c l a s s i f i c a t i o n a n d f u s i o n 
a n a l y s i s h a v e b e e n c a r r i e d ou t on d i g i t a l i m a g e s o f A l i g a r h c i ty a n d 
i ts e n v i r o n s . It w a s d i s c o v e r e d t h a t t h e t w o c o n d i t i o n s h a v e a f f e c t e d 
t h e c l a s s i f i c a t i o n a c c u r a c y o f h i g h e r s p a t i a l r e s o l u t i o n . W i t h h i g h e r 
s p a t i a l r e s o l u t i o n d a t a t h e p e r c e n t a g e o f m i x e d c h a r a c t e r p i x e l s w e r e 
r e d u c e d . T h i s c o n s i d e r a b l y i m p r o v e d t h e c l a s s i f i c a t i o n a c c u r a c y . 
W i t h an e n h a n c e d s p a t i a l a n d s p e c t r a l r e s o l u t i o n t h e i n t e r - c l a s s 
c l a r i t y as w e l l as i n t r a - c l a s s v a r i a b i l i t y i n c r e a s e d . T h i s led to 
i m p r o v e c l a s s i f i c a t i o n a c c u r a c i e s . W i t h t h e i n c r e a s e in s p a t i a l 
r e s o l u t i o n , s p a t i a l p r o p e r t i e s b e c o m e e a s y to d i s c r i m i n a t e a n d 
d e l i n e a t e . In t h e s t u d y o f A l i g a r h C i t y , p e r p i x e l s p e c t r a l 
c l a s s i f i c a t i o n a n d p o s t a n d p r e - p r o c e s s i n g in c l a s s i f i c a t i o n h a v e b e e n 
c a r r i e d ou t to e v a l u a t e t h e u r b a n e n v i r o n m e n t o f t h e c i t y . 
T h e I S O D A T A c l u s t e r i n g m e t h o d u s e d t h e m i n i m u m s p e c t r a l 
d i s t a n c e f o r m u l a to f o r m c l u s t e r s f o r t h e s t u d y a r e a . U s i n g I S O D A T A 
f u n c t i o n a t h e m a t i c r a s t e r l a y e r h a d b e e n c r e a t e d w i t h 2 0 c l u s t e r s a n d 
s i g n a t u r e f i l e . M o s t o f t h e l a n d u s e c l a s s e s c o m p r i s e d o f 4 to 5 
c l u s t e r s . It w a s n o t i c e d t h a t s o m e p a r t o f v e g e t a t i o n h a s a l s o b e e n 
c l a s s i f i e d as w a t e r b o d y . T h i s is d u e to t h e p r o b l e m t h a t t h e s p e c t r a l 
s i g n a t u r e s o f v e g e t a t i o n a n d t h e w a t e r b o d i e s a r e s o m e t i m e s c l o s e l y 
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r e s e m b l i n g . So , it had been o b s e r v e d t h a t it is v e r y d i f f i c u l t to 
c o r r e l a t e b e t w e e n l a n d u s e c l a s s e s and c l u s t e r s f r o m I S O D A T A . T h e 
d i g i t a l i m a g e u s i n g m a h a l a n o b i s d i s t a n c e d e c i s i o n r u l e u s e d t h e co-
v a r i a n c e m a t r i x in the e q u a t i o n . It w a s n o t e d t h a t t h e s i g n a t u r e 
s e p a r a b i l i t y h a s b e e n i m p r o v e d . T h e s p e c t r a l s i g n a t u r e o f b u i l t up 
a r e a h a v e n o t b e e n m i x e d w i t h the f a l l o w l a n d . T h e r e f o r e , t he s p r e a d 
a n d c o n t e n t o f b u i l t u p a r e a a p p e a r s r e l a t i v e l y m o r e a c c u r a t e and 
c o m p a c t . T h e m i n i m u m d i s t a n c e d e c i s i o n r u l e c a l c u l a t e d t h e s p e c t r a l 
d i s t a n c e b e t w e e n t h e m e a s u r e m e n t v e c t o r a n d t h e m e a n v e c t o r fo r 
e a c h s i g n a t u r e . F o r t h i s r e a s o n the l a n d u s e c l a s s e s h a d g i v e b e t t e r 
r e s u l t s in c o m p a r i s o n to o t h e r d e c i s i o n r u l e s . T h e s p e c t r a l s i g n a t u r e 
o f t h e w a s t e l and and b u i l t u p a r e a s h a v e b e e n b e a u t i f u l l y 
d i s c r i m i n a t e d . 
In t h e p r e s e n t t h e s i s , s e p a r a b i l i t y a n a l y s i s h a s b e e n u s e d to 
d e t e r m i n e , w h i c h se t of b a n d is t he m o s t u s e f u l f o r t h e d i s c r i m i n a t i o n 
o f l a n d u s e c l a s s e s . It h a s a l s o b e e n t e s t e d a n d f o u n d in t h i s s t u d y tha t 
p o s t - p r o c e s s i n g in t h e f o r m of f u z z y c o n v o l u t i o n i m p r o v e s 
c l a s s i f i c a t i o n a c c u r a c y bu t no t to a s i g n i f i c a n t e x t e n t . I n f a c t , it c a n 
b e u s e d to r e d u c e d t h e s p e c k l e n e s s in t h e l a n d u s e c l a s s e s to i m p r o v e 
i ts v i s u a l i n t e r p r e t a b i l i t y . I m a g e d a t a w a s r e s a m p l e d to a c o m m o n 
p i x e l s p a c i n g a n d m a p p r o j e c t i o n . T h e c o m m o n p i x e l s h o u l d be t h e 
o n e , w h i c h is r e q u i r e d in t h e d e s i r e d f u s e d i m a g e . A l l s e n s o r s p e c i f i c 
c o r r e c t i o n s a n d e n h a n c e m e n t s o f t h e i m a g e d a t a h a d b e e n a p p l i e d 
b e f o r e i m a g e f u s i o n . A f t e r t h e f u s i o n p r o c e s s it w a s t r i e d to p r o d u c e 
t h e b e s t s i n g l e s e n s o r g e o m e t r y a n d r a d i o m e t r y a n d t h e n f u s e d t h e 
in1>ges. A n y s p a t i a l e n h a n c e m e n t p e r f o r m e d b e f o r e i m a g e f u s i o n is o f 
b e n e f i t t o t h e r e s u l t i n g f u s e d i m a g e . T h e f i l e c o n t a i n i n g t h e g e o -
r e f e r e n c e d m a p a n d t h e i m a g e to be r e c t i f i e d w e r e d i s p l a y e d . T h e 
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g e o m e t r i c c o r r e c t i o n t oo l w a s s t a r t e d . G C P s ( G r o u n d C o n t r o l P o i n t s ) 
w e r e r e c o r d e d , w i t h i n p u t G C P s h a v i n g t h e c o o r d i n a t e s o f t h e g e o -
r e f e r e n c e d m a p . T h e i m a g e s w e r e r e s a m p l e d u s i n g t h e N e a r e s t 
N e i g h b o u r h o o d A l g o r i t h m . 
In H i s t o g r a m - m a t c h i n g m a j o r l i n e a r f e a t u r e s a r e v i s i b l e . T h e 
b u i l t up a r e a w a s d e m a r c a t e d e a s i l y w i t h e d u c a t i o n a l l a n d as s e p a r a t e 
c a t e g o r y . I n t e n s i t y , H u e a n d S a t u r a t i o n ( I H S ) m e t h o d s h a s b e e n 
a p p l i e d w i t h t w o o p t i o n s to f u s e t h e i m a g e s , h a v i n g t w o d i f f e r e n t 
c h a r a c t e r i s t i c s . In i n t e n s i t y m e t h o d s it is e a s y to d i s t i n g u i s h b e t w e e n 
t h e c r o p l a n d a n d t h e f a l l o w l a n d . M a n y m e t h o d s h a v e b e e n p r o p o s e d 
f o r m e r g i n g t h e h i g h s p e c t r a l a n d h i g h s p a t i a l r e s o l u t i o n d a t a in o r d e r 
to p r o d u c e m u l t i s p e c t r a l i m a g e s of d i s c r i m i n a t e d c l a r i t y . T h e p r e s e n t 
w o r k p r o p o s e s b o t h a f o r m a l a p p r o a c h a n d s o m e c r i t e r i o n to p r o v i d e 
a q u a n t i t a t i v e a s s e s s m e n t of t h e s y n t h e t i c i m a g e s . T h e a p p r o a c h is 
b a s e d u p o n t h e s i m p l e c o n c e p t s , e a s y to u n d e r s t a n d a n d e a s y to 
i m p l e m e n t a n d u s e . 
A l i g a r h h a s g r o w n at a f a s t e r r a t e b o t h in p o p u l a t i o n a n d t h e 
a r e a l e x t e n t , e s p e c i a l l y d u r i n g t h e l a s t d e c a d e o f 1 9 9 1 - 2 0 0 1 . T h i s 
g r o w t h w a s f u r t h e r a c c e n t u a t e d to 56 p e r c e n t d u r i n g 1991 to 2 0 0 1 . 
P o p u l a t i o n g r o w t h h a s led to s i g n i f i c a n t l a n d u s e c h a n g e s in a n d 
a r o u n d t h e c i t y . B u i l t u p d e n s i t y i n c r e a s e d in t h e s m a l l e r - s i z e w a r d s 
in t h e h e a r t o f t h e c i t y . T h e u r b a n s p r a w l w a s n o t i c e a b l e in t h e f r i n g e 
a r e a s o f t h e n e w e r as w e l l as b i g g e r - s i z e w a r d s . T h e s p a t i a l p a t t e r n s 
o f s u c h c h a n g e s a re c l e a r l y s e e n on t h e u r b a n f r i n g e s o f A l i g a r h . T h e 
u r b a n s p r a w l i ts p a t t e r n s a n d d i r e c t i o n s a n d d i m e n s i o n s o f l a n d u s e , 
l a n d c o v e r c h a n g e s h a v e b e e n d e t e c t e d o n t h e l a t e s t s a t e l l i t e i m a g e s . 
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T h e s i t e s u i t a b i l i t y a n a l y s i s fo r f u r t h e r e x p a n s i o n o f t h e c i ty 
h a s b e e n m a d e . T h e s t u d y a r e a i n c l u d e s A l i g a r h c i ty a n d i ts 
s u r r o u n d i n g s , c o n s i s t i n g of 2 1 8 . 4 3 0 sq . k m . T h e a r e a ! e x t e n t is 
n e a r l y 13 .6 k m f r o m n o r t h to s o u t h a n d t h e e a s t - w e s t e x t e n t is a b o u t 
16 k m . M o r e t h a n h a l f o f t h e a r e a b e l o n g s to a g r i c u l t u r e in al l t h e 
f o u r - t i m e s e r i e s m a p s . N e x t c o m e s t h e b u i l t u p c l a s s i n c l u d i n g t h e 
r e s i d e n t i a l , c o m m e r c i a l , i n d u s t r i a l , e d u c a t i o n a l a n d r e c r e a t i o n a l a r e a . 
T h e b u i l t u p a r e a h a s a l m o s t d o u b l e d f r o m 2 8 . 0 1 sq . k m in 1971 to 
5 5 . 4 9 7 sq . k m in t h e y e a r 2 0 0 0 . In t h e i m m e d i a t e v i c i n i t y o f A l i g a r h 
c i t y c o n s i d e r a b l e l a n d u s e c h a n g e s h a v e b e e n w i t n e s s e d . T h e 
a g r i c u l t u r a l a r e a h a s d e c r e a s e d f r o m 1 5 7 . 3 7 9 sq . k m in 1971 to 
1 2 7 . 1 4 4 sq . k m . in t h e y e a r 2 0 0 0 . T h e d e c l i n e r a t e in t h e a g r i c u l t u r a l 
l a n d v a r i e d f r o m t i m e to t i m e in t h e t h r e e c h a n g e d e t e c t i o n s e r i e s . 
F o r e s t l a n d h a s a l s o s h o w n c o n t i n u o u s d e c r e a s e f r o m 2 2 . 5 9 1 s q . k m in 
1971 to 4 . 9 2 6 s q . k m in t h e y e a r 2 0 0 0 . S o m e o f t h e c h r o n i c 
w a s t e l a n d s h a v e g i v e n w a y f o r u r b a n b u i l t u p a r e a . A c c e s s i b i l i t y to 
m a j o r r o a d s is an i m p o r t a n t f a c t o r in u r b a n l a n d u s e p l a n n i n g . T h i s is 
a c r u c i a l f a c t o r b e c a u s e t h e s e t t l e m e n t s t e n d to d e v e l o p in 
c o m m u n i o n w i t h r o a d s , t h e d e v e l o p m e n t p o t e n t i a l o f an a r e a . A t o t a l 
r o a d l e n g t h o f 2 4 4 k m s . in an a r e a o f 2 1 8 . 4 3 6 sq . k m d e m o n s t r a t e s a 
f a i r l y g o o d n e t w o r k o f r u r a l - u r b a n l i n k a g e s . T h e m u n i c i p a l r o a d 
n e t w o r k i n s i d e t h e c i ty o f A l i g a r h is in a d d i t i o n . T h e m u n i c i p a l r o a d 
l e n g t h , i n c l u d i n g al l s o r t s o f s t r e e t s a n d n a r r o w l a n e s , h a s b e e n 
r e c o r d e d to an i n c r e d i b l e t o t a l l e n g t h o f 6 4 0 . 4 9 4 k m in a b u i l t u p a r e a 
o f 5 5 . 4 9 7 sq . k m . 
A l t h o u g h , t h e r e is a l w a y s s o m e r e l a t i o n s h i p b e t w e e n t h e u r b a n 
e x p a n s i o n a n d t h e a g r i c u l t u r a l a r e a l o s s in t h e f r i n g e a r e a o f t h e c i t y . 
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h o w e v e r , o n e c o u l d no t e s t a b l i s h a l i n e a r r e l a t i o n s h i p b e t w e e n the 
p o s i t i v e g r o w t h o f t h e u r b a n land and the n e g a t i v e g r o w t h in the 
a g r i c u l t u r a l a n d f o r e s t l and in t h e p r e s e n t s t u d y o f A l i g a r h . It can be 
n o t e d t h a t t h e r e w a s a r e g u l a r g r o w t h of t h e r e s i d e n t i a l a r e a . S t i l l , 
h o w e v e r , t h e p e r c e n t a g e c o v e r a g e of t h e r e s i d e n t i a l a r e a to t h e t o t a l 
u r b a n a r e a h a d a c o n s t a n t d e c r e a s e . T h i s is b e c a u s e o f t he r i s i n g 
m u l t i - s t o r i e d r e s i d e n t i a l s t r u c t u r e . T h e p e r c e n t a g e r e s i d e n t i a l a r e a is 
d e c r e a s i n g in f a v o u r of o t h e r l a n d u s e c a t e g o r i e s s u c h as c o m m e r c i a l 
a r e a , i n d u s t r i a l a r e a a n d e d u c a t i o n a l a r e a w h o s e p e r c e n t a g e 
o c c u p a n c e is r e g u l a r l y g r o w i n g . T h i s s e e m s to be a p o s i t i v e s i g n o f 
t he c i t y g r o w t h . T h e d e c r e a s i n g p e r c e n t a g e o f r e s i d e n t i a l c o v e r a g e 
m i g h t be d u e to t h e f a c t t h a t t h e l and p r i c e s c o n s i s t e n t l y s h o t u p . T h i s 
is hovk' t h e i n t e r n a l m o r p h o l o g i c a l s t r u c t u r e of t h e c i t y u n d e r g o e s 
c h a n g e s a m o n g d i f f e r e n t f u n c t i o n a l l a n d u s e c l a s s e s . T h e p e r c e n t a g e 
s h a r e o f t h e r e s i d e n t i a l a r e a r a n g e d f r o m 7 8 . 2 8 p e r c e n t in 1971 to 
7 3 . 6 7 p e r c e n t in t h e y e a r 2 0 0 0 . T h i s s h o w e d t h a t t h e r e s i d e n t i a l a r e a 
c o v e r a g e , t h o u g h d e c r e a s i n g , r e m a i n e d m o r e t h a n 70 p e r c e n t o f t h e 
t o t a l u r b a n l a n d al l a l o n g t h e e n q u i r y p e r i o d . 
C o m m e r c i a l a r e a h a d t h e s e c o n d l a r g e s t u r b a n c o v e r a g e al l 
t h r o u g h t h e e n q u i r y . E d u c a t i o n a l a n d i n s t i t u t i o n a l a r e a a l s o s h o w e d a 
c o n s t a n t i n c r e a s e in i ts a g g r e g a t e c o v e r a g e . T h e p e r c e n t a g e s h a r e o f 
e d u c a t i o n a l a r e a a l s o s h o w e d a r e g u l a r i n c r e a s e . I n d u s t r i a l a r e a a l s o 
r e c o r d e d an i n c r e a s e in i ts a g g r e g a t e c o v e r a g e d u r i n g a l l t h e s t a g e s 
o f c h a n g e d e t e c t i o n in A l i g a r h . A s o n e c a n e n v i s a g e , t h e v a c a n t l a n d 
in a g r o w i n g c i t y is on t h e s h r i n k a g e . T h e r e w a s a c o n t i n u o u s 
d e c r e a s e in t h e e x t e n t o f v a c a n t l a n d in A l i g a r h . T h e p e r c e n t a g e 
s h a r e o f t h e v a c a n t a r e a w a s a l s o on t h e d e c l i n e . R e c r e a t i o n a l a r e a s 
s u c h as p u b l i c p a r k s a n d p l a y g r o u n d s a r e n o t o n l y in a d e p l o r a b l e 
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s t a t e t h e y a re on the d e c l i n e as w e l l . T h e r e is an u t t e r m u n i c i p a l 
n e g l e c t of t h e r e c r e a t i o n a l l a n d s . A n u m b e r of t h e m h a v e b e e n 
a b a n d o n e d o v e r t h e y e a r s . 
A p e r u s a l o f t h e p e r a n n u m u r b a n g r o w t h r a t e d u r i n g t h e t h r e e 
t i m e s e r i e s f u r n i s h e s u s e f u l i n f o r m a t i o n on t h e t u r n i n g p o i n t in t he 
b u i l t u p a r e a g r o w t h , in t h e f i r s t p h a s e o f 1971 to 1 9 8 9 t h e p e r a n n u m 
a v e r a g e u r b a n g r o w t h r a t e w a s 0 .3 sq . k m . In t h e s e c o n d p h a s e of 
1 9 8 9 to 1998 t h e p e r a n n u m a v e r a g e u r b a n g r o w t h r a t e w a s 1 .98 sq . 
k m . F i n a l l y in t h e t h i r d p h a s e o f 1 9 9 8 to 2 0 0 0 t h e p e r a n n u m a v e r a g e 
u r b a n g r o w t h r a t e w a s 2 . 1 3 sq . k m . T h e d e c a d e o f 1990 s h o w e d a 
c o n s i d e r a b l y r a p i d u r b a n g r o w t h . It h a s b e e n o b s e r v e d t h a t m o s t of 
t h e u r b a n s p r a w l of A l i g a r h h a s t a k e n p l a c e a l o n g t h e h i g h w a y 
c o r r i d o r s . It is i n t e r e s t i n g to n o t e t h a t d e s p i t e t h e h i g h p r i c e s of l a n d 
a l o n g t h e m a j o r h i g h w a y t h e u r b a n s p r a w l is r a p i d a d j a c e n t to the 
h i g h w a y c o r r i d o r s . B u l k o f t h e c i ty s p r a w l h a s t a k e n p l a c e a l o n g the 
G r a n d T r u n k R o a d ( S h e r S h a h S u r i R o a d ) t h e N a t i o n a l H i g h w a y 
w h i c h p a s s e s t h r o u g h t h e c o n g e s t e d h e a r t o f t h e c i t y . T h i s is t h e m o s t 
f a m o u s h i g h w a y of I n d i a a n d o n e o f t h e b u s i e s t t r u n k r o a d s in the 
c o u n t r y . T h i s h i g h w a y h a s t h e h i g h e s t c o m m e r c i a l g r a v i t y f o r t he c i ty 
o f A l i g a r h . H e n c e , t he c i ty s p r a w l is m a x i m u m a l o n g t h i s r o a d . T h e 
c i t y e x p a n s i o n a l o n g t h e J a w a n or A n u p S h a h a r R o a d in t h e n o r t h is 
r e s i d e n t i a l b u i l d i n g w h i c h a r e a d j a c e n t to A l i g a r h M u s l i m U n i v e r s i t y . 
A n a l a r m i n g f e a t u r e o f t h e c o n g e s t e d u r b a n e x p a n s i o n of 
A l i g a r h a l o n g t h e h i g h w a y c o r r i d o r s in t h a t it h a s c a u s e d s e v e r a l 
h u r d l e s a n d h a l t s to t h e t r a f f i c m o b i l i t y . T h e t r a f f i c m o b i l i t y is 
f r e q u e n t e d w i t h a n u m b e r o f b o t t l e n e c k s a n d u n a u t h o r i s e d h a l t s . A n 
i m m i n e n t , s o l u t i o n to s u c h p r o b l e m s o f t r a f f i c b o t t l e n e c k s and 
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u n a u t h o r i s e d h a l t s w o u l d be t h e n e e d to c o n s t r u c t by p a s s r o a d s to 
f a c i l i t a t e t h e e a s y m o b i l i t y non p a s s e n g e r t r a f f i c . T h e c o n s t r u c t i o n of 
f l y o v e r s on c r o s s r o a d s w o u l d h e l p t h e m o b i l i t y o f p a s s e n g e r t r a f f i c . 
T h e c o n s t r u c t i o n of a c o u p l e of c o n n e c t i v e r i n g r o a d s w o u l d 
c o n s i d e r a b l y h e l p c o n t a i n the c i t y e n c r o a c h m e n t a l o n g t h e h i g h w a y s . 
T h e r e is a n e e d to i d e n t i f y t h e s i t e s s u i t a b l e f o r t h e l a y o u t of r i n g 
r o a d s a r o u n d A l i g a r h c i t y . T h e r e is an e m e r g e n t n e e d to i d e n t i f y n e w 
l o c a t i o n s f o r a s u i t a b l e and p l a n n e d u r b a n e x p a n s i o n t o w a r d s the 
s u r r o u n d i n g e n v i r o n m e n t o f t h e c i ty to s e c u r e an e q u i l i b r a t e d b l e n d 
o f l a n d u t i l i z a t i o n . 
T h e s i t e s u i t a b i l i t y a n a l y s i s i n v o l v e s t h e i d e n t i f i c a t i o n and 
d e l i n e a t i o n o f t h e p r i o r i t y a r e a s f o r f u t u r e l a n d u t i l i z a t i o n . T h e 
l o c a t i o n a n d p h y s i c a l s e t t i n g o f t h e a r e a , a c c e s s i b i l i t y to m a j o r r o a d s 
a n d t h e l a n d u s e / l a n d c o v e r c a t e g o r i e s h a v e b e e n t a k e n i n t o a c c o u n t 
f o r t h e u r b a n s i t e s u i t a b l e a n a l y s i s . T h e s t u d y a r e a h a s b e e n 
d e l i n e a t e d i n t o s ix s u i t a b i l i t y c l a s s e s f o r t h e u r b a n e x p a n s i o n . A l l t h e 
f o u r m a p s n a m e l y , h y d r o g e o m o r p h o l o g y , s o i l , r o a d a c c e s s i b i l i t y a n d 
l a n d u s e m a p of 1 9 9 8 w e r e d i g i t a l l y o v e r l a i d in o r d e r to g e n e r a t e t h e 
u r b a n s i t e s u i t a b i l i t y m a p . T h e l a n d w i t h e x c e l l e n t u r b a n s u i t a b i l i t y 
c o v e r s 1 7 . 6 0 1 sq . k m . T h e v e r y g o o d u r b a n s u i t a b i l i t y l a n d c o v e r s 
5 1 . 5 8 9 sq . k m . T h e g o o d s u i t a b i l i t y c l a s s w a s d e l i n e a t e d o v e r an a r e a 
o f 1 6 . 3 9 2 sq . k m . M o d e r a t e l y a n d m a r g i n a l l y s u i t a b l e l a n d 
c o m p r i s i n g 3 . 8 5 p e r c e n t o f t h e t o t a l a r e a h a s b e e n i d e n t i f i e d f o r 
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A P P E N D I X - E 
LANDUSE / LAND COVER CLASSIFICAITON SYSTEM 
(Developed for interpretation of Topographical Map) 
1. Buiid-up Areas 
2. Build-up with Vegetation 
3. Industrial Land 
4. Vacant Land 
5. Cultivable Land 
6. Agricultural Farm 
7. Open Forests 
8. Scattered Trees 
9. Waste Land 
10. Water Bodies 
11. Brick Klin 
12. Monuments 
13. Slaughter House 
14. Recreational Land 
3 5 0 
A P P E N D I X - E 
L A N D U S E / LAND C O V E R C L A S S I F I C A I T O N S Y S T E M 
( D e v e l o p e d for in terpreta t ion of Sate l l i t e Imagery) 
3. 
4 . 
6 . 
A g r i c u l t u r a l L a n d 
LEVEL I LEVEL II 
1. B u i l d - u p L a n d 1.1. R e s i d e n t i a l 
1 .2 . T r a n s p o r t a t i o n / C o m m u n i c a t i o n 
1.3. R e c r e a t i o n a l 
1 .4 . E d u c a t i o n a l 
1.5. I n d u s t r i a l 
1 .6 . V a c a n t 
2 .1 C r o p L a n d 
2 . 2 . F a l l o w L a n d 
2 . 3 . P l a n t a t i o n / O r c h a r d 
2 . 4 . A g r i c u l t u r a l F a r m 
3 . 1 . S c a t t e r e d T r e s s 
3 . 2 . O p e n F o r e s t s 
4 . 1 . L a n d w i t h or w i t h o u t S c r u b 
4 . 2 . W a t e r L o g g e d A r e a 
5 .1 . D r a i n / C a n a l 
5 .2 . R e s e r v o i r / T a n k 
6 .1 . B r i c k K l i n 
6 . 2 . U n d e r C o n s t r u c t i o n 
6 . 3 . M o n u m e n t 
6 . 4 . S l a u g h t e r H o u s e . 
C l a s s i f i c a t i o n a m e n a b l e f o r i n t e r p r e t a t i o n o f s a t e l l i t e i m a g e r y 
( I R S - I C ( P A N ) a n d S P O T ( P L A & M L A ) , s u p p l e m e n t by 
c o l l a t e r a l a n d g r o u n d d a t a . 
B a s e d o n t o n a l , p a t t e r n a n d t e x t u r a l v a r i a t i o n s . 
F o r e s t 
W a s t e L a n d 
W a t e r B o d i e s 
O t h e r s 
3 5 1 
APPENDIX - E 
M U L T I - C R I T E R I A O V E R L A Y T E M P L A T E 
U R B A N S I T E S U I T A B I L I T Y A N A L Y S I S 
N u m b e r of Input M a p s = 4 
S. No. W e i g h i n g 
fac tor (%) 
Name of the Map Map ID 
1. 40 Acces s ib i l i t y to (ma jo r ) Roads b u f f e r 
9 25 G r o u n d wa te r p rospec t s zone gwp-quad 
o 
J . 25 L a n d u s e / l a n d cover m a p - 2 0 0 0 quad 98 
4. 10 M a j o r soil ca t egor i e s so i l -quad 
S. Phys i ca l Parameters S c o r i n g 
No. sys tem 
1, Acces s ib i l i t y to ( m a j o r ) Roads 0-0 .5 km 5 
0 .5 -1 .0 km 4 
2. Ground Water p r o s p e c t s zone Meande r Scars 4 
Al iga rh Older A ? 5 
Varanas i Older AP 5 
P a l e o - C h a n n e l s ^ J 
J. M a j o r Soil Ca t ego r i e s S a l i n e - A l k a l i n e 5 
N o r m a l Soil 
(Cu l t i vab l e ) 1 
Bu i l t up -1 
J. Landuse / l and cover ca t ego r i e s Res iden t i a l -1 
Rec rea t i ona l -1 
Educa t i ona l -1 
Indus t r i a l -1 
Vacan t 5 
Crop land -1 
F a l l o w land 2 
P l a n t a t i o n / O r c h a r d -1 
Agr i cu l tu ra l Fa rm -1 
Sca t te red Trees 4 
Open Fores t 1 
Was te Land 5 
R e s e r v e s / T a n k -1 
Brick Kl in 1 
M o n u m e n t s -1 
3 5 2 
APPENDIX- F (i) 
Signature Separability Listing 
Maximum Likelihood classifier using Parametric Signature 
Distance Measure; Transformed Divergence 
Using bands: 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1 
2 
3 
4 
5 
6 
Built up land 
Wasle Land 
Water Bodies 
Vegetation 
Open Forests 
Fallow Land 
Bands AYE MIN 
1 2 3 4 1393 1287 
Separability Listing 
Class Paiirs 
1 :2 1:3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 :4 3 : 5 3 :6 4 : 5 4 :6 
5 : 6 
1944 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 1983 2000 
2000 
Bands AVE MBS 
1 2 3 4 1995 1944 
Best Minimum Separability 
Class Pairs 
1 :2 1:3 1 :4 1 :5 I :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 :5 3 : 6 4 : 5 4 : 6 
5 : 6 
1944 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 1983 2000 
2000 
Bands AVE MIN 
1 23 4 1995 1944 
Best Average Separability 
Class Pairs 
1 :2 1:3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 : 5 2 :6 3 ;4 3 :5 3 :6 4 : 5 4 : 6 
5 : 6 
2000 1944 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 1983 2000 
2000 
3 5 3 
APPENDIX- F (ii) 
Signature Separability Listing 
Maximum Likelihood classifier using Parametric Signature 
Distance Measure: Jefferias - Matusita 
Usiiig bands; 12 3 4 
Taken 4 bands at a time 
Landu!(e/Land Cover Classes 
1. 
2. 
3. 
4. 
5. 
6. 
Built up land 
Waste Land 
Water Bodies 
Vegetation 
Open Forests 
Fallow Land 
Bands MIN 
1 23 4 13 93 12 87 
Bands AVE MIN 
1 2 3 4 13 93 12 87 
Separability Listing 
Class Pairs 
1 :2 1: 3 1 :4 1 : 5 1 :6 2 : 3 2 : 4 
2 ; 5 2 : 6 3 : 4 3 : 5 3 :6 4 : 5 4 : 6 
5 :6 
1287 1397 1413 1339 1317 1414 1414 
1413 1394 1414 1414 1414 1388 1414 
1414 
Best Miiiiimum Separability 
Class Pairs 
1 : 2 1:3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 :5 2 : 6 3 : 4 3 :5 3 :6 4 : 5 4 : 6 
5 : 6 
1287 1397 1413 1339 1317 1414 2000 
1413 1394 1414 1414 1414 1388 2000 
1414 
Bands AVE MIN 
1 2 3 4 1 3 9 3 1 2 8 7 
Best Average Separability 
Class Pairs 
1 :2 1:3 1 :4 1 : 5 1 : 6 2 : 3 2 ;4 
2 : 5 2:6 3 : 4 3 :5 3 :6 4 : 5 4 : 6 
5 : 6 
1287 1397 1413 1339 1317 1414 1414 
1413 1394 1414 1414 1414 1388 1414 
I 4 I 4 
3 5 4 
APPENDIX- F (i) 
Signature Separability Listing 
Minimum Distance Classifier Using Parametric Signature. 
Distance Measure; Transformed Divergence 
Using bands: 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1. 
2. 
3. 
4. 
5. 
6. 
Waste Land 
Vegeialion 
Water Bodies 
Fallow Land 
Open Forests 
Built up land 
Separability Listing 
Bands AYE. MIN Class Pairs 
1 : 2 
2 : 5 
5 : 6 
1 23 4 1940 1284 2000 
2000 
2000 
1: 3 1 :4 1 :5 1 :6 2 : 3 2 :4 
2 : 6 3 :4 3 : 5 3 :6 4 : 5 4 : 6 
2000 1971 2000 1847 2000 2000 
2000 2000 2000 2000 1983 1284 
Bands AVE MIN 
1 2 3 4 1940 
Best Minimum Separability 
Class Pairs 
1 :2 I: 3 1 :4 1 :5 1 : 6 2 : 3 2 :4 
2 :5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 :6 
5 : 6 
1284 2000 2000 1971 2000 1847 2000 2000 
2000 2000 2000 2000 2000 1983 1284 
2000 
Bands AVE MIN 
1 2 3 4 1940 1284 
Best Average Separability 
Class Pairs 
1 :2 1:3 1 :4 1 :5 1 ;6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
2000 2000 1971 2000 1847 2000 2000 
2000 2000 2000 2000 2000 1983 1284 
2000 
3 5 5 
APPENDIX- K (ii) 
Signature Separability Listing 
Minimum Distance Classifier Using Parametric Signature. 
Distance Measure; Jefferies - Matusita 
Using bands; 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
Waste Land 
Vegelalioii 
Water Bodies 
Fallow Land 
Open Forests 
Built up land 
Bands AVE MIN 
1 2 3 4 
Separability Listing 
Class Pairs 
1 :2 1; 3 1 ;4 1 ;5 1 ;6 2 ;3 2 ;4 
2:5 2 ;6 3 ;4 3 ;5 3 ;6 4 ;5 4 ;6 
5 ;6 
1369 965 1414 1414 1353 1414 1274 1414 1411 
1404 1409 1414 1414 1408 1414 965 
1411 
Bands AVE MIN 
1 2 3 4 1369 965 
Best Minimum Separability 
Class Pairs 
1 ;2 1; 3 1 ;4 1 ;5 1 ;6 2 ; 3 2 : 4 
2 ; 5 2:6 3 ;4 3 ;5 3 ;6 4 ; 5 4 : 6 
5 ;6 
1414 1414 1353 1414 1274 1414 1411 
1404 1409 1414 1414 1408 1414 965 
1411 
Bands AVE MIN 
1 2 3 4 1369 965 
Best Average Separability 
Class Pairs 
1 :2 1:3 1 ;4 1 :5 1 : 6 2 : 3 2 :4 
2 : 5 2 :6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
1414 1414 1353 1414 1274 1414 1411 
1404 1409 1414 1414 1408 1414 965 
1076 
3 5 6 
APPENDIX- F (i) 
Signature Separability Listing 
iMahanabolis Distance Classifier Using Parametric Signature 
Distance Measure; Transformed Divergence 
Using bands: 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1. 
2. 
3. 
4. 
5. 
Waste Land 
Open Forests 
Fallow Land 
Built up land 
Water Bodies 
Vegetation 
Bands 
1 2 3 
MIN 
1942 1566 
Bands AVE MIN 
1 2 3 1942 1566 
Separability Listing 
Class Pairs 
1 :2 1: 3 1 :4 1 :5 1 :6 2 : 3 2 :4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
2000 2000 1757 2000 2000 2000 2000 
2000 1848 1566 2000 1966 2000 2000 
2000 
Best Miinimum Separability 
Class Pairs 
1 :2 1:3 1 :4 1 :5 1 : 6 2 : 3 2 :4 
2 : 5 2 : 6 3 ;4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
2000 2000 1757 2000 2000 2000 2000 
2000 1848 1566 2000 1966 2000 2000 
2000 
Bands AVE M m 
1 2 3 1942 1566 
Best Average Separability 
Class Pairs 
1 :2 1:3 1 :4 1 :5 1 :6 2 :3 2 : 4 
2 : 5 2 : 6 3 : 4 3 :5 3 :6 4 :5 4 : 6 
5 : 6 
2000 2000 1757 2000 2000 2000 2000 
2000 1848 1566 2000 1966 2000 2000 
2000 
3 5 7 
APPENDIX- K (ii) 
signature Separability Listing 
Mahanabolis Distance Classifier Using Parametric Signature 
Distance Measure; Jefferies - Matusita 
Using bands: 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
Waste Land 
Open Forests 
Fallow Land 
Built up land 
Water Bodies 
Vegetation 
Bands 
1 2 3 
AVE MBS 
1354 
Bands AVE MIN 
I 2 3 1354 1109 
Separability Listing 
Class Pairs 
1 :2 1: 3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
1109 1414 1361 1234 1414 1414 1404 1397 
1414 1296 1109 1414 1204 1413 1410 
1414 
Best Minimum Separability 
Class Pairs 
1 : 2 1: 3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 :4 3 : 5 3 : 6 4 : 5 4 : 6 
5 :6 
1414 1361 1234 1414 1414 1404 1397 
1414 1296 1109 1414 1204 1413 1410 
1414 
Bands AVE M m 
1 2 3 1354 1109 
Best Average Separability 
Class Pairs 
1 :2 1:3 1 :4 1 : 5 1 : 6 2 : 3 2 : 4 
2 ;5 2 ;6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
1397 1414 1361 1234 1414 1414 1404 
1414 1296 1109 1414 1204 1413 1410 
1076 
3 b » 
APPENDIX- i (i) 
Signature SeparabiJity Listing 
Parallelepiped classifier using Non-Parametric Signature 
Distance Measure: Transformed Divergence 
Using bands: 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1. 
2. 
3. 
4. 
5. 
6. 
Water Bodies 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Built up land 
Bands A\'E M I N 
1 2 3 4 
Separability Listing 
Class Pairs 
1 :2 1: 3 1 :4 I :5 1 :6 2 : 3 2 :4 
2 : 5 2 :6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
1949 1395 2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
Bands AVE MIN 
1 2 3 4 1949 1395 
Best Minimum Separability 
Class Pairs 
1 :2 1:3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 :6 
2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
Bands AVE MIN 
1 2 3 4 1949 1395 
Best Average Separability 
Class Pairs 
1 :2 1:3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 :4 3 ;5 3 :6 4 : 5 4 : 6 
5 : 6 
2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
3 5 9 
APPENDIX-1 (ii) 
Signature Separability Listing 
Parallelepiped classifier using Non- Parametric signature 
Distance Measure: Jefferies - Matusita 
Using bands: 12 3 4 
Taken 4 bands at a time 
Landuite/Land Cover Classes 
1 
2 
3 
4 
5 
6 
Water Bodies 
Built up land 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Bands AVE MIN 
Separabiiity Listing 
Class Pairs 
1 2 3 4 1359 914 
1 : 2 
2 : 5 
5 :6 
1407 
1406 
1414 
1: 3 I :4 1 : 5 1 :6 2 : 3 2 :4 
2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
1414 1399 1379 1414 1356 1312 
914 1414 1414 1339 1399 1401 
Bands AVE MIN 
1 23 4 1359 914 
Best Minimuiii Separability 
Class Fairs 
1 : 2 
2 : 5 
5 :6 
1407 
1406 
1414 
1: 3 1 :4 1 : 5 1 : 6 2 : 3 2 : 4 
2 : 6 3 :4 3 :5 3 :6 4 : 5 4 : 6 
1414 1399 1379 1414 1356 1312 
914 1414 1414 1339 1399 1401 
Bands AVE MIN 
1 2 3 4 
Best Average Separability 
Class Pairs 
1 : 2 1:3 1 :4 1 : 5 1 : 6 2 : 3 2 : 4 
2 :5 2 :6 3 :4 3 :5 3 : 6 4 : 5 4 : 6 
5 : 6 
1359 914 1407 1414 1399 1379 1414 1356 1312 
1406 914 1414 1414 1339 1399 1401 
1414 
3 6 0 
APPENDIX- K (ii) 
Signature Separability Listing 
Feature Space classifier using Non-Parametric Signature 
Distance Measure: Transformed Divergence 
Using bands; 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1. 
2, 
6. 
Water Bodies 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Built up land 
Bands A\TE M I N 
Separability Listing 
Class Pairs 
1 :2 1:3 1 :4 1 : 5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 :6 
5 : 6 
1 2 3 4 1949 1395 2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
Bands AVE MIN 
Best Minimum Separability 
Class Pairs 
1 2 3 4 1949 1395 
1 : 2 1: 3 1 :4 1 :5 1 : 6 2 : 3 2 :4 
2 : 5 2 : 6 3 :4 3 : 5 3 :6 4 : 5 4 : 6 
5 : 6 
2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
Bands AVE M m 
1 2 3 4 1949 1395 
Best Average Separability 
Class Pairs 
1 : 2 1: 3 1 :4 1 : 5 1 : 6 2 : 3 2 : 4 
2 : 5 2 : 6 3 :4 3 :5 3 :6 4 :5 4 : 6 
5 : 6 
2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1076 
361 
APPENDIX- J (ii) 
Signature Separability Listing 
Feature classifier using Non- Parametric Signature 
Distance Measure: Jefferies - Matusila 
Using bands; 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1. 
2. 
3. 
'4. 
5. 
6, 
Water Bodies 
Built up land 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Bands AVE MIN 
1 2 3 4 1359 914 
Separability Listing 
Class Pairs 
1 ;2 
2 : 5 
5 ; 6 
1407 
1406 
1414 
1; 3 1 :4 1 :5 1 :6 2 :3 2 : 4 
2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
1414 1399 1379 1414 1356 1312 
914 1414 1414 1339 1399 1401 
Bands AVE MIN 
1 2 3 4 1359 914 
Best Minimum Separability 
Class Pairs 
1 : 2 
2 : 5 
5 :6 
1407 
1406 
1414 
1: 3 1 :4 1 : 5 1 : 6 2 : 3 2 : 4 
2 : 6 3 : 4 3 : 5 3 :6 4 : 5 4 : 6 
1414 1399 1379 1414 1356 1312 
914 1414 1414 1339 1399 1401 
Bands AVE MIN 
1 2 3 4 1359 914 
Best A verage Separability 
Class Pairs 
1 : 2 1:3 1 :4 1 : 5 1 : 6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 :6 4 : 5 4 : 6 
5 : 6 
1407 1414 1399 1379 1414 1356 1312 
1406 914 1414 1414 1339 1399 1401 
1414 
3 6 2 
APPEiNDlX- K (i) 
Signature Separability Listing 
Classification after applying Average 3 x 3 fitter 
Distance Measure; Transformed Divergence 
Using bands; 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1 
2 
3 
4 
5 
6 
Water Bodies 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Built up land 
Bands MIN 
1 2 3 4 1949 1395 
Separability Listing 
Class Pairs 
1 :2 1; 3 1 ;4 1 ;5 1 ;6 2 ;3 2 ; 4 
2 :5 2:6 3 ;4 3 ;5 3 : 6 4 ; 5 4 ; 6 
5 . 0 
2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
Bands AVE MIN 
1 2 3 4 1949 1395 
Best Minimum Separability 
Class Pairs 
1 :2 I: 3 1 :4 1 : 5 1 :6 2 : 3 2 : 4 
2 ;5 2 : 6 3 : 4 3 : 5 3 :6 4 : 5 4 : 6 
5 ;6 
2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
Bands AVE MIN 
1 2 3 4 1949 1395 
Best Average Separability 
Class Pairs 
1 : 2 1:3 1 :4 1 : 5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
2000 2000 2000 2000 2000 2000 2000 
1976 1924 1984 1973 2000 1986 2000 
1395 
3 6 3 
APPENDIX- K (ii) 
Signature Separability Listing 
Classification after applying Average 3 x 3 fitter 
Distance Measure; Jelferies - Matusita 
Using bands; 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1. 
2. 
3. 
4. 
5. 
6. 
Water Bodies 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Built up land 
Bands AVE 
1 2 3 4 1361 
MIN 
1976 
Separability Listing 
Class Pairs 
1 : 2 1; 3 1 ;4 1 ;5 1 : 6 2 : 3 2 : 4 
2 ;5 2 : 6 3 ;4 3 ;5 3 : 6 4 : 5 4 :6 
5 :6 
1414 1414 1414 1414 1388 1412 1414 
1288 1282 1393 1293 1398 1402 1414 
1076 
Bands AVE 
1 2 3 4 1361 
Best Minimum Separability 
MIN Class Pairs 
1 ; 2 
2 ;5 
5:6 
1976 1414 
1288 
1076 
1:3 1 :4 1 : 5 1 : 6 2 : 3 2 :4 
2 : 6 3 ;4 3 : 5 3 : 6 4 : 5 4 : 6 
1414 1414 1414 1388 1412 1414 
1282 1393 1293 1398 1402 1414 
Bands AVE MIN 
1 2 3 4 1361 1976 
Best Average Separability 
Class Pairs 
1 : 2 1:3 1 :4 1 :5 1 : 6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
1414 1414 1414 1414 1388 1412 1414 
1288 1282 1393 1293 1398 1402 1414 
1076 
APPB:NDIX- L (ii) 
Signature Separability Listing 
Classification after applying Median 5 x 5 fitter 
Distance Measure: Transformed Divergence 
Using bands: 12 3 4 
Taken 4 bands at a time 
Landuse/Land Cover Classes 
1. 
2. 
3. 
4. 
5. 
6. 
Water Bodies 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Built up land 
Separability Listing 
Bands AYE MIN Class Pairs 
1 :2 
2 : 5 
5 : 6 
1 23 4 1949 1395 2000 
1967 
1395 
1: 3 1 :4 1 :5 1 : 6 2 ;3 2 : 4 
2 : 6 3 : 4 3 :5 3 : 6 4 : 5 4 : 6 
2000 2000 2000 2000 2000 2000 
1924 1984 1973 2000 1986 2000 
Bands AVE MIN 
12 3 4 1949 1395 
Best Miinimum Separability 
Class Pairs 
1 : 2 1; 3 1:4 1 :5 1 : 6 2 : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 :6 
5 :6 
2000 2000 2000 2000 2000 2000 2000 
1967 1924 1984 1973 2000 1986 2000 
1395 
Bands AVE MIN 
1 2 3 4 1949 1395 
Best Average Separability 
Class Pairs 
1 ;2 1:3 1 :4 1 : 5 1 : 6 > : 3 2 : 4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
2000 2000 2000 2000 2000 2000 2000 
1%7 1924 1984 1973 2000 1986 2000 
1395 
APPB:NDIX- L (ii) 
Signature Separability Listing 
Classification after applying Median 5 x 5 fitter 
Distance Measure: Jefferies - Matusta 
Using bands; 12 3 4 
Taken 4 bands at a time 
Landu^ie/La^d Cover Classes 
1. 
2. 
3. 
4. 
5. 
6. 
Water Bodies 
Waste Land 
Open Forests 
Vegetation 
Fallow Land 
Built up land 
Separability Listing 
Bands AV^ MIN Class Pairs 
1 :2 1:3 1 :4 1 :5 1 : 6 2 : 3 2 : 4 
2 : 5 2 : 6 3 :4 3 : 5 3 : 6 4 : 5 4 ;6 
5 : 6 
1 2 3 4 1361 1976 1414 1414 1414 1414 1388 1412 1414 
1288 1282 1393 1298 1402 1414 1414 
1076 
Best Minimum Separability 
Bands AVE MIN Class Pairs 
1 ;2 1:3 1 :4 1 :5 1 :6 2 : 3 2 : 4 
2 : 5 2 : 6 3 :4 3 :5 3 :6 4 : 5 4 : 6 
5 : 6 
1 2 3 4 1361 1976 1414 1414 1414 1414 1388 1412 1414 
1288 1282 1393 1298 1402 1414 1414 
1076 
Bands AVE MIN 
1 2 3 4 1361 1976 
Best Average Separability 
Class Pairs 
1 : 2 1:3 1 :4 1 : 5 1 :6 2 : 3 2 :4 
2 : 5 2 : 6 3 : 4 3 : 5 3 : 6 4 : 5 4 : 6 
5 : 6 
1414 1414 1414 1414 1388 1412 1414 
1288 1282 1393 1298 1402 1414 1414 
1395 
3 6 6 
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